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As my name appears on the title-page of this volume, it is 
necessary that I should exactly state what part I had in its 
preparation. I had no doubt originally engaged to undertake 
the work myself; but finding, from multiplicity of engagements 
and my uncertain health, that I could not accomplish it satis- 
factorily, I thought the best course I could take was to recom- 
mend Mr. Cooke to the publishers ; a gentleman well known, 
not only in this country, but in the United States. The whole 
of the work has therefore been prepared by himself, the manu- 
script and proof sheets being submitted to me from time to 
time, in which I merely suggested such additions as seemed 
needful, subjoining occasionally a few notes. As the work is 
intended for students, the author has had no hesitation in 



Vi PREFACE. 

repeating wliat has been stated in former chapters where it 
has been thought to prove nsefiil. I have no doubt that 
the same high character will justly apply to this as to Mr. 
Cooke's former publications, and especially to his " Handbook 
of British Fungi." 

M. J. BEHKELEY. 

8lBBEBT0fT, 

November 23, 1874. 
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I. 

KATURE OF FUNGI. 

The most casual observer of Nature recognizes in almost every 
instance that comes under his notice in every- day life, without 
the aid of logical definition, the broad distinctions between an 
animal, a plant, and a stone. To him, the old definition that an 
animal is possessed of life and locomotion, a plant of life with- 
out locomotion, and a mineral deficient in both, seems to be 
suflficient, until some day he travels beyond the circuit of 
diurnal routine, and encounters a sponge or a zoophyte, which 
possesses only one of his supposed attributes of animal life, but 
which he is assured is nevertheless a member of the animal 
kingdom. Such an encounter usually perplexes the neophyte 
at first, but rather than confess his generalizations to have 
been too gross, he will tenaciously contend that the sponge 
must be a plant, until the evidence produced is so strong that 
he is compelled to desert his position, and seek refuge in the 
declaration that one kingdom runs into the other so imper- 
ceptibly that no line of demarcation can be drawn between 
them. Between these two extremes of broad distinction, and 
no distinction, lies the ground occupied by the scientific student, 
who, whilst admitting that logical definition fails in assigning 
briefly and tersely the bounds of the three kingdoms, contends 
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tliut Bucb limits exist so positively, tbnt the Dniversal Bcientific 
mind accepts tile recognized limit without controversy or coo- 
trad ictian. 

In like mannQr, if one kingdom be made the subject of iii- 
qniry, tte same difficoltieB will arise. A flowering plant, aa 
repi'eaeiited by a roae or a lily, will be recognized aa dlatiocl 
from a fern, a Koawced, or a fungus. Yet there are some flowei"- 
ing plants whii^h, at first sight, and withont esaraination, simu- 
late cryptogams, as, for example, many Balanophorx, which 
the unscientific would at once class with fungi. It is never- 
thclesa true that even the incipient botanist will accnrately 
separate the phanerogams from the cryptogams, and by means 
of a little more, but still elementary knowledge, diatrihate the 
latter amongst ferns, mosses, fungi, lichens, and algw, with 
comparatively few exceptions. It is true that between fungi 
and lichens there exists so close an affinity that difficulties arise, 
and donbts, and disputations, regarding cei-tain small groups or 
a few species; but these are the exception, and not the rule. 
Botanists generally are agreed in recognizing the five principal 
groups of Cryptogamia, as natural and distinct. In proportion 
aa we advance from comparison o£ members of the three king- 
doms, through that of the primary groups in one kingdom, to 
a comparison of tribes, alliances, and orders, we shall require 
closer observation, and more and more education of the eye to 
see, and the mind to appreciate, relationships and distinctions. 

We have already aasumed that fungi are duly and nniversally 
admitted, as plants, into the vegetable kingdom. But of this 
fact some have even ventured to donht. This doubt, however, 
has been confined to one order of fungi, esc pt p h p 
amongst the moat illiterate, altbough now the ani 1 tn f 
the Mi/xoffas/res has scarcely a serious advocate 1 ft In thi 
order the early condition of the plant is pnlpy and g 1 t n u 
and consists of a substance more allied to sarcode tl n 11 1 
De Bary insinuated affinities with Antmla,* wh I t T 1 an 

' Db Batj, "Dea MjiomjcL'tes," in "Ann. das Sci. Nat." 4 sfo. li. p. 163; 
"Bot Zeit." i?i. p. 367. De Gary's viowa are controTflrted tj M. 'Wiganil in 
"Ann. tl» Soi. Nat." i sfr, (Bot.) ITI. p. 255, &o. 
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affirmed that the outer coat in some of these productions con- 
tained so much carbonate of lime that strong effervescence took 
place on the application of sulphuric acid. Dr. Henry Carter 
is well known as an old and experienced worker amongst 
amoeboid forms of animal life, and, when in Bombay, he devoted 
himself to the examination of the Myxogastres in their early 
stage, and the result of his examinations has been a firm 
conviction that there is no relationship whatever between the 
Myxogastres and the lower forms of animal life. De Bary has 
himself very much modified, if not wholly abandoned, the views 
once propounded by him on this subject. "When mature, and 
the dusty spores, mixed with threads, sometimes spiral, are 
produced, the Myxogastres are so evidently close allies of the 
Lycoperdons^ or Puffballs, as to leave no doubt of their affinities. 
It is scarcely necessary to remark that the presence of zoospores 
is no proof of animal nature, for not only do they occur in the 
white rust (Cystopus), and in such moulds as Feronospora* but 
are common in algee, the vegetable nature of which has never 
been disputed. 

There is another equally important, but more complicated 
subject to which we must allude in this connection. This is 
the probability of minute fungi being developed without the 
intervention of germs, from certain solutions. The observations 
of M. Trecul, in a paper laid before the French Academy, have 
thus been summarized: — 1. Yeast celts maybe formed in the 
must of beer without spores being previously sown. 2. Cells of 
the same form as those of yeast, but with different contents, 
arise spontaneously in simple solution of sugar, or to which a 
little tartrate of ammonia has been added, and these cells are 
capable of producing fermentation in certain liquids under 
favourable conditions. 3. The cells thus formed produce I^eni- 
dllium like the cells of yeast. 4. On the other hand, the spores 
of JPenicillium are capable of being transformed into yeast, t 
The interpretation of this is, that the mould JPenicillium may be 

* De Bary, "Recherches sur le Developpement de quelques Champignons 
Parasites," in "Ann. des Sci. Nat." 4 ser. (Bot.) xx. p. 5. 
t "Popular Science Review," vol. ^iii. p. 96. 
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produced from a sugar solution by " spontaneous generation," 
and without spore or germ of any kind. The theory is, that a 
molecular mass which is developed in certain solutions or infu- 
sions, may, under the influence of different circumstances, pro- 
duce either animalcules or fungi. " In all these cases, no kind 
of animalcule or fungus is ever seen to originate from pre- 
existing colls or larger bodies, but always from molecules."* 
The molecules are said to form small masses, which soon melt 
together to constitute a globular body, from which a process 
juts out on one side. These are the so-called Torul(B,\ which 
give off buds which are soon transformed into jointed tubes 
of various diameters, terminating in rows of sporules, JPenicil- 
Hum, or capsules containing numerous globular seeds, AspergiU 
lus {sic). 

This is but another mode of stating the same thing as above 
referred to by M. Trecul, that certain cells, resembling yeast cells 
(^Torula), are developed spontaneously, and that these ultimately 
pass through the form of mould called JPenicilUum to the more 
complex Mucor (which the writer evidently has confounded with 
Aspergillus, unless he alludes to the ascigerous form of Asper- 
gillus, long known as Eurotiurn), From what is now known 
of the polymorphism of fungi, there would be little difficulty 
in believing that cells resembling yeast cells would develop 
into Penicillium, as they do in fact in what is called the "vine- 
gar plant," and that the capsulifcrous, or higher condition of 
this mould may be a Mucor, in which the sporules are produced 
in capsules. The difficulty arises earlier, in the supposed spon- 
taneous origination of yeast cells from molecules, which result 
from the peculiar conditions of light, temperature, &c., in which 
certain solutions are placed. It would be impossible to review 
all the arguments, or tabulate all the experiments, which have 
been employed for and against this theory. It could not bo 
passed over in silence, since it has been one of the stirring ques- 
tions of the day. The great problem how to exclude all germs 

* Dr. J. H. Bennett " On the Molecular Origin of Infusoria," p. 56. 
f They have, however, no close relation with real Torulce, such as T, moni- 
lioideSf &c. — Cookb's HandhooJc^ p. 477. 
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from the solutions experimented upon, and to keep them ex- 
cluded, lies at the foundation of the theory. It must ever, as 
we think, be matter of doubt that all germs were not excluded 
or destroyed, rather than one of belief that forms known to be 
developed day by day from germs should under other conditions 
originate spontaneously. 

Fungi are veritably and unmistakably plants, of a low or- 
ganization, it is true, but still plants, developed from germs, 
somewhat analogous, but not wholly homologous, to the seeds of 
higher orders. The process of fertilization is still obscure, but 
facts are slowly and gradually accumulating, so that we may 
hope at some not very distant period to comprehend what as 
yet are little removed from hypotheses. Admitting that fungi 
are independent plants, much more complex in their relations 
and development than was formerly supposed, it will be ex- 
pected that certain forms should be comparatively permanent, 
that is, that they should constitute good species. Here, also, 
efforts have been made to develop a theory that there are no 
legitimate species amongst fungi, accepting the terms as hither- 
to applied to flowering plants. In this, as in allied instances, 
too hasty generalizations have been based on a few isolated 
facts, without due comprehension of the true interpretation of 
such facts and phenomena. Polymorphism will hereafter receive 
special illustration, but meantime it may be well to state that, be- 
cause some forms of fungi which have been described, and which 
have borne distinct names as autonomous species, are now proved 
to be only stages or conditions of other species, there is no reason 
for concluding that no forms are autonomous, or that fungi which 
appear and are developed in successive stages are not, in their 
entirety, good species. Instead, therefore, of insinuating that 
there are no good species, modern investigation tends rather to 
the establishment of good species, and the elimination of those 
that are spurious. It is chiefly amongst the microscopic species 
that polymorphism has been determined. In the larger and 
fleshy fungi nothing has been discovered which can shake our 
faith in the species described half a century, or more, ago. In 
the Agarics, for instance, the forms seem to be as permanent and 



as distinct as in the flnworing plants. In fact, there Is atill no 
reason to dissent, escept to a very limited extent, from what 
was written before polymorpiuBni was aocretliteii, thut, "with a 
few exceptions only, it may withoofc doubt be asserted that more 
certain Bpecies do not exist in any part of the organized world 
than amongst fungi. The Ba.mo species constantly reCTir in the 
same places, and if kinds not hitherto detected present them- 
selves, they are either such as are well known in other districts, 
or Bpeciea which Lavo been overlooked, and which are foand on 
better experience to be widely diffnsed. There is nothing like 
chance about their characters or growth."* 

The parasitism of numercius minute species on living and 
growing plants has its parallel even amongst phanerogams in 
the mistletoe and broom-rape and similar species. Amongst 
fungi a large number are thus parasitic, distorting, and in many 
cases ultimately destroying, their host, burrowing within the 
tissues, and causing rust and smut in com and grasses, or even 
more destructive and injnriooB in such moulds as those of the 
potato disease and its allies. A still larger number of fungi 
are developed from decayed or decaying vegetable matter. 
These are found in winter on dead leaves, twigs, branches, 
rotten wood, the remains of herbaceous plants, and soil largely 
eharg'ed with disintegrated vegetables. As soon as a plant 
begins to decay it bccomea the source of a new vegetation, 
which hastens its destrnction, and a new cycle of life com- 
mences. In these instances, whether parasitic on hving plants 
or developed on dead ones, the source is still vegetable. But 
this is not always the case, so that it cannot be predicated that 
fungi are wholly epiphytal. Some species are always found on 
animal matter, leather, horn, bone, &c., and some afTect snca 
unpromising substances aa minemla, from which it would bo 
snpposed that no nourishment could be obtained, not only hard 
gravel stones, fragments of rock, but also metals, such as iron 
and lead, of which more may be said when we come to treat of 
the habitats of fungi. Although in general terms fangi may 
bo described as " hysterophjtal or epiphytal mycetals deriving 
* Borliolcy'B " OutlinoB of Britleb Fun£ology," p. 21. 



I 



nourishinent by means of a mycelium from the mntrix,"* there' 
are exceptions to this rnle with which the majority accord. 

Of the fnngi found on animal enbstancea, none are moral 
extraordinary than those species which attack insects. Thsl 
white monid which ill autumn proves so destructive to thej 
common house-fly may for the present be omitted, as it ia ' 
probably a condition of one of the Saprolegniei, which some 
authors include with fungi, and others with algie. Wasps, ^ 
spiders, moths, and bntterflios become enveloped in a kind of 
mould named I»aria, which constitutes the conidia of Hhrruhia, 
a genus of cluh-shftped Sphierim afterwards developed. S imo- 
spocies of Isaria and Torruhia also afl'cct the larvte and pupte 
of moths and butterflies, converting the whole interior into a 
mass of mycelinm, and fructifying in a clavate head. It haB i 
been subject for discussion whether in such instances the 
fungus commenced its development during the life of the in- 
sect, and thus hjistened its death, or whether it resulted after 
death, and was subsequent to the commencement of docay.f 
The position in which certain large moths are found standing 
on leaves when infested with Isaria resembles so closely that 
of the house-fly when succumbing to Sporendonema Musem, 
would lead to the conclusion that certainly in some cases the 
insect was afctaclced by the fungus whilst still living; whilst in 
the case of buried caterpillars, such as the New Zealand or 
British Hepialw, it is difficult to decide. Whether in life or 
death in these instances, it is clear that the silk'Worm disease 
Museardine attacks the living insect, and causes death. In the 
case of the OuSpeg vejStantee, the wasp ia said to fly about with 
the fungus partially developed. 

In all fungi we may recognize a vegetative and u reproductive 
system : sometimes the first only becomes developed, and then 
the fungus is imperfect, and sometimes the latter is far more 
prominent than the former. There is usually an agglomeration 
of delicate threads, either jointed or not, which are somewhat 
analogous to the roots of higher plants. These delicate threads 
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pevmoate the tisHucs of pliitita attacked by painnitic fungi, or 
they run over dead. Jcnvos fomting wbitcned patebes, formerly 
bearing tlio naino of llimnntia, biit really tbo mycelium of some 
species of Maraamiua. If checked or disturbed, the process 
Btopa here, and only a mycelium of interwoven threa<la ia 
produced. In this condition the mycelium of one spocius so 
ninch resembica that of another, that no accurate determination 
can be made. If the process goes on, this myccHnna gives rise 
to the stem and cap of an agaricoid fangus, completing the 
vegetative system. This in turn gives origin to a spore-bearing 
Bnrface, and ultimately the fmSt is formed, and then the fnngas 
ia complete ; no fuugua can be regarded as perfect or complete 
without its reproductive system being developed. In some this ia 
very simple, in others it is as compleK. In many of the moulds we 
have miniature representatives of higher plants in the mycelium 
or roots, stem, branches, and at length capsules bearing sporidia, 
which correspond to seeds. It is true that leaves are absent, 
bnt these are sometimes compensated by lateral processes or 
abortive branchleta. A tuft of mould is in miniature a forest of 
trees. Although such a definition may bo deemed more poetic 
than accurate, more figurative than literal, yet few could beheve 
in the marvellous beauty of a tnft of mould if they never saw it 
as oshihited under tho microscope. In such a condition no donbt 
could be entertained of its vegetable character. But there ia a 
lower phaae in which these plants are sometimes encountered ; 
they may consist only of single celts, or strings of cells, or threads 
of simple strnctnre floating in fluids. In such conditions only 
the vegetative system is probably developed, and that imperfectly, 
yet some have ventured to give names to isolated cells, or 
strings of cells, or threads of mycelium, which really in them- 
Belvoa possess none of the elements of correct claBsification — tho 
vegetative system, even, being imperfect, and consequently the 
reproductive is absent. As alraady observed, no fungus ia per- 
fect without fruit of some kind, and tho peculiarities of structure 
and development of fruit form one of the moat important elements 
in classification. To attempt, therefore, to give names to such 
imperfect fragments of undevcloiicd plants ia almost as absui-d 
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as to name a flowering plant from a stray fragment of a root- 
fibril accidentally cast out of tlie ground — nay, even worse, for 
identification would probably be easier. It is well to protest 
at all times against attempts to push science to the verge of 
absurdity ; and such must be the verdict upon endeavours to 
determine positively such incomplete organisms as floating cells, 
or hyaline threads which may belong to any one of fifty species 
of moulds, or after all to an alga. This leads us to remark, in 
passing, that there are forms and conditions under which fungi 
may bo found when, fructification being absent — that is, the 
vegetative system alone developed — they approximate so closely 
to algas that it is almost impossible to say to which group the 
organisms belong. 

Finally, it is a great characteristic of fungi in general that 
they are very rapid in growth, and rapid in decay. In a night 
a pufi'ball will grow prodigiously, and in the sanie short period 
a mass of paste may be covered with mould. In a few hours a 
gelatinous mass of Reticularia will pass into a bladder of dust, 
or a Coprinus will be dripping into decay. Remembering this, 
mycophagists will take note that a fleshy fungus which may be 
good eating at noon may undergo such changes in a few hours 
as to be anything but good eating at night. Many instances 
have been recorded of the rapidity of growth in fungi ; it may 
also be accepted as an axiom that they are, in many instances, 
equally as rapid in decay. 

The affinity between lichens and fungi has long been re- 
cognized to its full and legitimate extent by lichenologists and 
mycologists.* In the " Introduction to Cryptogaraic Botany," it 

* On the relation or connection between fungi and lichens, H. 0. Sorby 
has some pertinent remarks in his communication to the Eoyal Society on 
"Comparative Vegetable Chromatology " (Proceedings Royal Society, vol. xxi. 
1873, p. 479),' as one result of his spectroscopic examinations. He says, 
"Such being the relations between the organs of reproduction and the foliage, 
it is to some extent possible to understand the connection between parasitic 
plants like fungi, which do not derive their support from the constructive 
energy of their fronds, and those which are self-supporting and possess true 
fronds. In the highest classes of plants the flowers are connected with the 
leaves, more especially by means of xanthophyll and yellow xanthophyll, 
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was proposed to unite thorn in oiio alliance, andar tlie name oE 
Afycelalea, in ttie same manner as tho late Dr. LiiidJey had united 
allied orders under alliancea in his " Vegetable Kingdom ; " but, 
beyond this, thoro was no prcdiapoaition towards tho theory 
since propounded, and which, Liko all new theories, has collected 
a small but zealous circle of adherents. It will be necessary 
briefly to summarize this theory and the arguruents by which it 
ia supported and opposed, inasmuch as it is intimately connected 
with onr subject. 

As recently as 18G8, Pi-ofcssor Schwendoncr first propounded 
hifl views,* and then briefl.y and vaguely, that all and every 
individual lichen was but aa a]gal, which had collected about it 
a parasitic fungal growth, and that those peculiar bodies which, 
under the name oi ffonidia, were considered as special organs of 
lichens, were only imprisoned algce. In language which the 
Rev. J. M. Crombief describes as "pictorial," this author gave 
the general conclusion at which he had arrived, as follows : — 
'' As the result of my researches, all these growths are not simple 
plants, not individuals in tho usual sense of the torm ; they 
ai-d rather colonies, which consist of hundreds and thousands 
of individuals, of which, however, only one acts as master, while 
tho others, in perpetual captivity, provide nourishment for them- 
selves and their master. This master is a fungus of the order 
Aseomifcetes, a parasite which is accustomed to live upon tho work 
of others ; ita slaves arc green algte, which it has sought out, or 
indeed caught hold of, and forced into its service. It surrounds 



whereas in Mm case of licbcne tlie a.|>otliecia contain very little, if rhj, oE those 
BabstoiCDS, but a large amount of the lichoDDianthiaes so characteristio of the 
olass. Lookiag upon fungi from tliia chrDmatolngical point of tIov, the; bear 
Bometbiog like the EBine relation to licheoa that the petals of a teaBeaa paiaatic 
Iilimt would bear to the foli^e of one of Donnal charaiiter — that ja to say, they 
are, as it were, the coloured otgacs of repcoiluction e>t parasitic plants of a t;i>e 
clogely approaohing that of licbens, whieh, of coarse, is in rery close, if not in 
Kbsolnte agreement with the concludioaa diawu by botanists froni entirely 
different data." 

• Schwendener, " Uateranehungen fiber dcu FlechtontliallnE." 
t Crombio (J. M.) " On the Lichco-Qonidia Qnation," in "Popular Sdeace 
aeview"for July, lS7i, 
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them, as a spider does its prey, with a fibrous net of narrow 
meshes, which is gradually converted into an impenetrable 
covering. "While, however, the spider sucks its prey and leaves 
it lying dead, the fungus incites the algaB taken in its net to 
more rapid activity ; nay, to more vigorous increase." This 
hypothesis, ushered upon the world with all the prestige of the 
Professor's name, was not long in meeting with adherents, and 
the cardinal -points insisted upon were — 1st. That the generic 
relationship of the coloured " gonidia " to the colourless fila- 
ments which compose the lichen thallus, had only been assumed, 
and not proved ; 2nd. That the membrane of the gonidia was 
chemically different from the membrane of the other tissues, 
inasmuch as the first had a reaction corresponding to that ot 
algsB, whilst the second had that of fungi; 3rd. That the 
different forms and varieties of gonidia corresponded with 
parallel types of algsB ; 4th. That as the germination of the 
spore had not been followed further than the development of a 
hypothallus, it might be accounted for by the absence of the 
essential algal on which the new organism should become para- 
sitic; 5th. That there is a striking correspondence between the 
development of the fruit in lichens and in some of the sporidii- 
ferous fungi {JPyrenomycetes). 

These five points have been combated incessantly by lichen- 
ologists, who would really be supposed by ordinary minds to be 
the most practically acquainted with the structure and develop- 
ment of these plants, in opposition to the theorists. It is a fact 
which should have some weight, that no lichenologist of repute 
has as yet accepted the theory. In 1873 Dr. E. Bomet* came 
to the aid of Schwendener, and almost exhausted the subject, 
but failed to convince either the practised lichenologist or 
mycologist. The two great points sought to be established, are 
these, that what we call lichens are compound organisms, not 
simple, independent vegetable entities ; and that this compound 
organism consists of unicellular algae, with a fungus parasitic 
upon them. The coloured gonidia which are found in the 

* Bomet, (E.), "Recherches surles Gonidies des Lichens," in "Ann. des Sci. 
Nat." 1873, 5 ser. vol. xvii. 
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substance, or thallus of lichens, arc the supposed algoD ; and the 
cellular structure which surrounds, encloses, and imprisons the 
gonidia is the parasitic fungus, which is parasitic on something 
infinitely smaller than itself, and which it entirely and absolutely 
isolates from all external influences. 

Dr. Bornet believed himself to have established that every 
gonidium of a lichen may be referred to a species of algoc, and 
that the connection between the hypha and gonidia is of such a 
nature as to exclude all possibility of the one organ being pro- 
duced by the other. This he thinks is the only way in which it 
can be accounted for that the gonidia of diverse lichens should 
be almost identical. 

Dr. Nylander, in referring to this hypothesis of an imprisoned 
algal,* writes : " The absurdity of such an hypothesis is evident 
from the very consideration that it cannot be the case that an 
organ (gonidia) should at the same time be a parasite on the 
body of which it exercises vital functions ; for with equal 
propriety it might be contended that the liver or the spleen 
constitutes parasites of the mammifero3. Parasite existence is 
autonomous, living upon a foreign body, of which nature 
prohibits it from being at the same time an organ. This is 
an elementary axiom of general physiology. But observation 
directly made teaches that the green matter originally arises 
within the primary chlorophyll- or phycochrom-bearing cellule, 
and consequently is not intruded from any external quarter, nor 
arises in any way from any parasitism of any kind. The cellule 
at first is observed to be empty, and then, by the aid of secretion, 
green matter is gradually produced in the cavity and assumes a 
definite form. It can, therefore, be very easily and evidently 
demonstrated that the origin of green matter in lichens is en- 
tirely the same as in other plants." On another occasion, and in 
another place, the same eminent lichenologist remarks,t as to 
the supposed algoid nature of gonidia — " that such an unnatural 
existence as they would thus pass, enclosed in a prison and 

* Ny lander, "On the Algo-Lielien Hypothesis," &c., in "Grcvillea," vol. ii. 
(1874), No. 22, p. 146. 

t In Regensburg "Flora," 1870, p. 92. 
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deprived of all autonomous liberty, is not at all consonant with 
the manner of existence of the other algae, and that it has no 
parallel in nature, for nothing physiologically analogous occurs 
anywhere else. Krerapelhuber has argued that there are no 
conclusive reasons against the assumption that the lichen-gonidia 
may be self-developed organs of the lichen proper rather than 
algoe, and that these gonidia can continue to vegetate separately, 
and so be mistaken for unicellular algSB.'* In this Th. Fries 
seems substantially to concur. But there is one strong argu- 
ment, or rather a repetition of an argument already cited, placed 
in a much stronger light, which is employed by Nylander in the 
following words : — " So far are what are called algse, according 
to the turbid hypothesis of Schwendener, from constituting true 
algae, that on the contrary it may be affirmed that they have a 
liohenose nature, whence it follows that these pseudo-alg89 are 
in a systematic arrangement to be referred rather to the lichens, 
and that the class of algae hitherto so vaguely limited should bo 
circumscribed by new and truer limits. 

As to another phase in this question, there are, as Krempel- 
huber remarks, species of lichens which in many countries do 
not fructify, and whose propagation can only be carried on by 
means of the soredia, and the hyphae of such could in themselves 
alone no more serve for propagation than the hyphae from the 
pileus or stalk of an Agaric, while it is highly improbable that 
they could acquire this faculty by interposition of a foreign 
algal. On the other han4 he argues : " It is much more con- 
formable to nature that the gonidia, as self-developed organs of 
the lichens, should, like the spores, enable the hyphae proceeding 
from them to propagate the individual.* 

A case in point has been adducedf in which gonidia were 
produced by the hypha, and the genus JEmericella^X which is 
allied to Susseia in the T^^ichogastres, shows a structure in the 
stem exactly resembling Palmella hotryoiJes of Greville, and to 
what occurs in Synalyssa, Emericella^ with one or two other 

* Rev. J. M. Crombie, in " Popular Science Review," July, 1874. 
+ Berkeley's " Introduction to Cryptogamic Uotany," p. 373, fig. 78ei. 
X Berkeley's " Introduction," p. 341, fig. 76. 
2 
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L, must, however, be oonBidered as connecting Trichogaatre* 
with lichens, and the question cannot be considered as satie- 
factorilj decided till a series of experiments lias been made □□ 
ination of lichen sporcB and their relation to fi-ee algie 
Bidered identical with gonidia. Mr. Thwaitea was the first 
to point out* the relation of the gonidia in the diiTerent sections 
of lichens to different types of supposed algce. The question 
cannot bo settled by mere a priori notions. It is, perhaps, 
worthy of remark that in Chioni/phe Garteri the threads grow 
over the cysts exactly ns the liypha of liehens is represented as 
growing over the gonidia. 

Recently, Dr. Thwaites has eommunieatcd his views on one 
phase of this controversy.'f' Tvhich will serve to illustrate the 
question as seen from the mycological side. As is well known, 
this writer has had considerable csperienco in the study of the 
anatomy and physiology of all the lower cryptogamia, and any 
suggestion of his on such a sutject wiU at least commend itself 
to a patient consideration. 

" According to our experience," he writes, " I think parasitic 
fungi invariably produce a sad effect upon the tissues they fix 
themselves upon or in. These tissues becorao pale in colonr, 
and in every respect sickly in. appearance. But who has ever 
seen the gonidia of lichens the worse for having the 'hypha' 
growing amongst them ? These gonidia are ahvays in the 
plumpest state, and with the freshest, healthiest colour possible. 
Cannot it enter into the heads of these most patient and ex- 
cellent observers, that a eryptogamic plant may have two kinds 
of tissue growing side by side, without the necesaify of one 
being parasitic upon the other, juat as one of the higher plants 
may have half a dozen kinds of tissue making np its orgauiza. 
tion? The beautifully symmetrical growth of the same lichens 
has seemed to mo a sufficient argument against one portion 
being parasitic upon another, but when we see all harmony and 
robust health, the idea that one portion is subsisting parasiticallj 
upon another appears to me to be a perfect absurdity." 
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It appears to us that a great deal of confusion and a large 
number of errors whicli creep into our modem generalizations 
and hypotheses, may be traced to the acceptance of analogies 
for identities. How many cases of mistaken identity has the 
improvement of microscopes revealed during the past quarter 
of a century. This should at least serve as a caution for the 
future. 

Apart, however, from the " gonidia," whatever they may be, 
is the remainder of the lichen a genuine fungus? Nylander 
writes, " The anatomical filamentose elements of lichens are 
distinguished by various characters from the hyphoB of fungi. 
They are firmer, elastic, and at once present themselves in the 
texture of lichens. On the other hand, the hyphaB of fungi are 
very soft, they possess a thin wall, and are not at all gelatinous, 
while they are immediately dissolved by the application of 
hydrate of potash, &c.* 

Our own experience is somewhat to the effect, that there are 
some few lichens which are doubtful as to whether they are 
fungi or lichens, but, in by far the majority of cases, there is 
not the slightest difficulty in determining, from the peculiar 
firmness and elasticity of the tissues, minute peculiarities which 
the practised hand can detect rather than describe, and even 
the general character of the fruit that they differ materially 
from, though closely allied to fungi. We have only experience 
to guide us in these matters, but that is something, and we have 
no experience in fungi of anything like a Cladonia, however 
much it may resemble a Torrubia or Clavaria. We have PezizcB 
with a subiculum in the section Tapesia, but the veriest tyro 
would not confound them with species of JParmelia. It is. true 
that a great number of lichens, at first sight, and casually, 
resemble species of the Hystei^iaceiy but it is no less strange 
than true, that lichenologists and mycologists know thieir own 
sufficiently not to commit depredations on each other. 

Contributions are daily being made to this controversy, and 
already the principal arguments on both sides have appeared in 

* '* Grevillea," vol. ii. p. 147, in note. 
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an English dress,* hence it will be nnnecessary to repeat those 
which are modifications only of the views already stated, our 
own conclusions being capable of a very brief summary : that 
lichens and fungi are closely related the one to the other, but 
that they are not identical ; that the " gonidia " of lichens 
are part of the lichen- organization, and consequently are not 
algoe, or any introduced bodies ; that there is no parasitism ; 
and that the lichen thallus, exclusive of gonidia, is wholly 
unknown amongst fungi. 

The Rev. J. M. Crombie has therefore our sympathies in the 
remark with which his summary of the gonidia controversy 
closes, in which he characterizes it as a " sensational romance of 
lichenology," of the ** unnatural union between a captive algal 
damsel and a tyrant fungal master." 

* W. Archer, in "Quart. Journ. Micr. Sci." vol. xiii. p. 217; vol. xiv. 
p. 115. Translation of Schwendener's ** Nature of the GoniJia of Lichens," in 
same journal, vol. xiii. p. 235. 
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STRUCTURE. 

Without some knowledge of the structure of fungi, it is scarcely 
possible to comprehend the principles of classification, or to 
appreciate the curious phenomena of polymorphism. Yet there 
is so great a variety in the structure of the different groups, 
that this subject cannot be compressed within a few paragraphs, 
neither do we think that this would be desired if practicable, 
seeing that the anatomy and physiology of plants is, in itself, 
sufficiently important and interesting to warrant a rather ex- 
tended and explicit survey. In order to impart as much prac- 
tical utility as possible to this chapter, it seems advisable to 
treat some of the most important and typical orders and sub- 
orders separately, giving prominence to the features which are 
chiefly characteristic of those sections, following the order of 
systematists as much as possible, whilst endeavouring to render 
each section independent to a considerable extent, and complete 
in itself. Some groups naturally present more noteworthy 
features than others, and will cousoqnently seem to receive 
more than their proportional* share of attention, but this seem- 
ing inequality could scarcely have been avoided, inasmuch as 
hitherto some groups have been more closely investigated than 
others, are more intimately associated with other questions, or 
are more readily and satisfactorily examined under different 
aspects of their life-history. 

Agaricini. — For the structure that prevails in the order to 
which the mushroom belongs, an examination of that species 
will be almost sufficient. Here we shall at once recognize 
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three distinct parts requiring elucidation, viz. the rooting 
slender fibres that traverse tlie Boil, aud termed the mycelium, 
or Bpawn, the stem and cap or pileus, which together con- 
stitute what is called the hymenophore, and the platea or gills 
on the under surface of the cap, which bear the liymeniam. 
The earliest condition in which the mushroom can be recognized 
as a vegetable entity is in that of the " spawn " or mycelium, 
which is essentially an agglomeration of vegetating spores. Its 
norinal form is that of branched, slender, entangled, anasto- 
mosing, hyaline threads. At certain privileged points of the my- 
celium, the threads seetn to be abrogated, and become centres 
of vei'tical extension. At first only a small nearly globose bad- 




ding, like a grain of mustard seed, is visible, but this after- 
wards increases rapidly, and other similar buddings or swellings 
appear at the base.* These are the young hymenophore. As 

* A curious c.ise occurred some .veaca since at Bury St Edmunds, wliich maj be 
mentioned here in connerl.ion with the development of these nodulea. Two children 
hiul died under auapii:" is circunistauoes, nnd an examination of the body of 
the Utter tifter cxhuiuuiion was mada, a repoit having arisen that the child died 
after eating mushrooma. As certain white nodules appeared on the inner surface 
of the intestines, it was at once hastilj concluded that the spores of the mush- 
room had germinated, and thai the nodules were infEint muslirooms. This 
appeared t^ one of us so strange, that application was made for specimens, 
which were kindly forwarded, and a cnrsorj glance was enough to coavinoe as 
that they were not fungoid. An examination under the microscope further con- 
firmed the dLignoEis, and the application of nitric acid showed that tlie nodules 
were merely due to chalk mixture, whicii had beeD given to the child for the 
diarrhetle symptoms under which he Succumbed. 
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it pushes through the soil, it gradually loses its globose form, 
becomes more or less elongated, and in this condition a longitu- 
dinal section shows the position of the future gills in a pair of 
opposite crescent- shaped darker- coloured spots near the apex. 
The dermal membrane, or outer skin, seems to be continuous 
over the stem and the globose head. At present, there is no 
external evidence of an expanded pileus and gills ; a longitu- 
dinal section at this stage shows that the gills are being deve- 
loped, that the pileus is assuming its cap-like form, that the 
membrane stretching from the stem to the edge of the young 
pileus is separating from the edge of the gills, and forming a 
veilf which, in course of time, will separate below and leave the 
gills exposed. When, therefore, the mushroom has arrived 
almost at maturity, the pileus 
expands, and in this act the 
veil is torn away from the 
margin of the cap, and re- 
mains for a time like a collar 
around the stem. Fragments 
of the veil often remain at- 
tached to the margin of the 
pileus, and the collar adhe- 
rent to the stem falls back, 
and thenceforth is known as 
the annulus or ring. We 
have in this stage the fully- 
developed hymenophore, — 
the stem with its ring, sup- 
porting an expanded cap or 
pileus, with gills on the under 

surface bearing the hyme- ^^^- 2— Section of Common Mushroom. 

nium.* A longitudinal section cut through the pileus and down 




'"^7fi^^ 



* Ehrenberg compared the whole structure of an Agaric with that of a mould, 
the mycelium corresponding with the hyphasma, the stem and pileus with the 
flocci, and the hymenium with the fructifying branchlets. The comparison is no 
less ingenious than true, and gives a lively idea of the connection of the more 
noble with the more humble fungi. — Ehrb. de Mycetogenesi, 
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tilt; stem, f,'ivi;s tlic bcKt notion of Uie arritngement; oT tlie 
piirts, and their rolafion to the whole. By this means it will be 
seen tbat tlie pijeua is continuons with the etcm, tliat the finb- 
Htance of the pileua descends into tlio gilla, aud that relatively 
the substance of the stem is more fibrous than that of the pileus. 
In the uommon muEhroom the ring is very distinct Bnrroiinding' 
the atom, a little above the middle, like a collar. In some 
Agai-ics the ring ia very fugacious, or absent altogether. Tho 
form of the gills, their mode of attachment to the stem, their 
ooloTir, and more especially the colour of the spoils, are all voiy 
important features to be attended to in the discrimination of 
species, since tbey vary in different species. The whole 
unbatance of the Agaric is cellular. A longitudinal slice from 
tie stem will exhibit Tinder the mioroscope dolicate tabular 
cells, the genei-a! direction of wliich ia lengthwise, with lateral 
branches, the whole interlacing so intimately that it is diiS- 
onlt to trace any individual thread veiy far in its course. It 
will be evident that the stractore is less compact as it approaches 
the centre of the stem, which in many species ia hollow. The 
hymenium is the spore-bearing surface, which is exposed or naked, 
and spread over the gills. Theao plates are covered on all aides 
with a delicate membrane, npon which the reproductive organs 
ate developed. If it were possible to remove this membrane in 
one entire picco and spread it out flat, it would cover an 
immense surface, a-s compared with the size of the pilcns, for it 
is plaited or folded like a lady's fan over the whole of the gill- 
platea, or lamellto, of the fnngna.* If the stem of a rauabroora 
be cut off close 'to the giUs, and the cap laid upon a sheet of 
paper, with the gills downwards, and left there for a few hours, 
when removed a number of dark radiating lines will be deposited 
upon the paper, each lino corresponding with the interstices 
between one pair of gills. These lines are made up of spores 
which, have fallen from the hymenium, and, if placed under the 
microscope, their character will aX once be made evident. If 
a fragment of the hymenium bo also submitted to a similar 
exatoination, it will be found that the whole Burface is studded 
' In Paaallut uitdIuCiu the hymenium ma; lie reiulil; torn off und onrolilal. 
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with spores. The first pecuJiarity which will be observed is, 
that these spores are almost uniformly in groups of four 
together. The next feature to be observed is, that each spore 
is borne upon a slender stalk or sterigma, and that four of these 
aterigmata proceed frota Uie apex of a thicker projection, from 
the bymeninin, called a basidium, each basidinm being the sup- 
porter of fonr sterigmata, aud each sterigma of a spore.* A 
closer examination of the hymeninm will reveal the fact that 
the basidia are accompained by other bodies, often larger, but 
without sterigmata or spores ; these have been termed ct/stidia, 
and their structure and fnnctions have 
been the snbject of much controversy .t , 
Both kinds of bodies are produced on 
the hynieuium of most, if not all, the 
Agaricini. 

The hasidia ai'e usually expanded 
upvrards, so as to have more or less 
of a clavate form, surmounted by four 
slender points, or tubular processes, 
each supporting a spore ; the contents , 
of these cells are granular, mixed 
appnreiitly with oleaginous particles, 
which commauicate throngh the 
slender tubes of the spicules with 
the inferior of the spores. Corda 
states that, although only one spore is Bi< 
produced at a time oq each sporo- ^ 
phore, when this falls away others are produced in 
for a limited period. As the spores approach maturity, the con- 
nection between their contents and the contents of the hasidia 
diminishes and ultimately ceases. When the basidium which 
bears mature spores is still well charged with granular matter, 
it may be presumed that the production of a second op third 

* This wBSff«llilelmeated ia "Fkini Dunica," plate 834. x^oWrred in CojJrinui 
comaiia aa loDg ago as ITSO. 

+ A, de Bary, "MorptologienndPhy8iologiederPitie,"in " Ho(meiat«r's Hftnd- 
boch," vol. ii. cap. 5, 1866, translated in " Qresillea," vol. i. p. ISl, 
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series of spores is quite possible, Basidia exhausted entirely of 
their contents, and which have become quite hyaline, may often 
be observed. 

The cystidia are usually larger than the basidia, varying in 
size and form in different species. They present the appearance 
of large sterile cells, attenuated upwards, sometimes into a 
slender neck. Cord a was of opinion that these were male 
organs, and gave them the name of pollinaires. Hoffmann has 
also described * both these organs under the names of pollinaria 
and spermatiay but does not appear to recognize in them the 
sexual elements which those names would indicate ; whilst 
de Seynes suggests that the cystidia are only organs returned to 
vegetative functions by a sort of hypertrophy of the basidia. f 
This view seems to be supported by the fact that, in the section 
Gluteus and some others, the cystidia are surmounted by short 
horns resembling sterigmata. Hoffmann has also indicated J 
the passage of cystidia into basidia. The evidence seems to be in 
favour of regarding the cystidia as barren conditions of basidia. 
There are to be found upon the hymenium of Agarics a third 
kind of elongated cells, called by Corda § basilary cells, and by 
Hoffmann " sterile cells," which are either equal in size or smaller 
than the basidia, with which also their structure agrees, except- 
ing in the development of spicules. These are the " proper cells 
of the hymenium" of Leveille, and are simply the terminal cells 
of the gill structure — cells which, under vigorous conditions, 
might be developed into basidia, but which are commonly 
arrested in their development. As suggested by de Seynes, the 
hymenium seems to be reduced to great simplicity, " one sole 
and self-same organ is the basis of it ; according as it experiences 
an arrest of development, as it grows and fructifies, or as it 
becomes hyperlrophied, it gives us a paraphyse, a basidium, oi 
a cystidium — in other terms, atrophied basidium, normal basi- 

* ** Die Pollinarien und Spcnuatien von Ar/aricuSf^* in "Botanische Zeitung,** 
Feb. 29 and March 7, 1856. 
f ** Essai d'une Flore niycologique de la Region de Montpellier,** Paris, 1863. 
t Hoffmann, **Botanische Zeitung," 1856, p. 139. 
§ Corda, *' Icones Fungorum hucusque cognitorura," iii. p. 41. Prague, 1839. 
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dium, and hypertrophied basidium ; these are the three elements 
which form the hymenium."* 

The only reproductive organs hitherto demonstrated in Agarics 
are the spores, or, as sometimes called, from their method of 
prodnction, basidiosparet.-\ These are at first colourless, but 
afterwtu^ acquire the colour peculiar to the species. In size 
and form they are, within certain limite, exceedingly variable, 
although form and size are tolerably constant in the same 
species. At first all are globose; as they mature, the majority are 
ovoid or elliptic ; some arc fusiform, with regularly attenuated 
extremities. In EygroplioTm they are rather irregular, reniform, 
or compressed in the middle. Sometimes the external surface ia 
rough with more or less projecting warts. Some mycologists 
are of opinion that the covering of the spore is double, consist- 
ing of an exospore and an endospore, the latter being very fine 
and delicate. In other orders the double coating of the spore 
has been demonstrated. When the spore is coloured, the exter- 
nal membrane alooo appears to pos- 
sess colour, the endospore bemg con 
stantly hyaline. It may be added here 
that in this order the spore is simple 
and unicellular. In Lactaiiui and 
_Eussula the trama, or inner substance, 
is vesicular. True latex lessela occur 
occasionally in Agaricus, though not 
filled with milk as in Laetarius 

PoLTPOBEi. — la this order the gill 
plates are replaced by tnbes or pores, 
the interior of which is lined by tlie 
hymenium ; indications of this strut, duoed) 
tare having already been exhibited in some of the lower 

■■ Cooke, M. C, " AnatoHij of a, Musbroam," in " Topolar Science Review,'' 
»ol. Tiii, p. 380. 

t An attempt wae made t« show tbat.ia AgaHciu melleui, dislioct asci were 
(onnd, in a, certain stage, on the gills or lamellm. We have in vain examioeJ the 
gills_ in various conditions, B,nd could never detect anything of tha kind. It ia 
probable (hat the Bsci belonged to aome apecies of Bypo-mijcts, a genua of para- 
sitic Sphceriaceons fungi. 
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Ayaricini. In niiiny cnaes the stem ia suppressed. TLe Bub- 
Btftncc is Heshy in JJuleCiig, but in Pulj/poriis the greater number 
of species are leathery or corky, auJ more persistent. The 
bosidia, spicnles, and quatornate spores agree with tliose of 
Agaricini.* In fact there are no features of importance which 
relate to the hymeniom iu any order of Hymenomycetes (the 
TremeUini excepted) diffei-ing from the same organ in Aga^icini, 
unless it be the absence of cyslieHa. 

Hydkei, — Instead of pores, 
1 this order the hymeninm 
sprcoil over the surface of 
inca, prickles, or warts .f 
AuuicL'LARiNi. — The Lyme- 

CLATAitiEi the wliole fungus 
ia club-shaped, or more or 
less intricately branched, with 
the hymenium covering the 
outer surface. 

TbeBELLINI. — In this order wo have a great departure from 
the character of the substance, external appearance, and internal 
etructore of the other orders in this family. Here we have a 
gelatinous substance, and the form ia lobeil, folded, convolute, 
oRea rcsenibling the brain of some anitiial. The internal struc- 

il intonilod tlmt the apores are nl trays qoatcrnate in A^arielni, thnogh 
that number ia mosCnnt in Lite more typisii apeFics. They sometimea exceed 

1! sometimes reduc«cl lt> one. 
•f The HpceieB long hnown as Bydmim gelalatoiuia vm einuiiDeil iiy Mr. F. 
Cncrey in ISUO {J^nra. Linn. Soc.), and he came to the couclusion tbnt it U'as 
not k gODil Uydn-um. Since tlieo it las heen made the type of BDawgenoH 
[HgrtnugliBa !i. onA Br. or, u CHlled by Friea, in Uie new edition of "Epieriaia," 
TTtmAladifX, Tera. Mjo. Enr.), and tnmsterred to the TrcmiWua. Carrey saya, 
D])on cxiunining the froetiGcation, be waa surprised to find thnt, although in ita 
external oharnetcTB it iraa a perfect Hydtiam, it bore tbe fruit of rt TniMlia. 
IE one ot th« teeth be eiuuincd with tbe mJcrasi^Dpfl, it will be aeeu to oonust of 
tbrekds bearing four-lubod Bpompliores, and sport^a exautly aiudlar to TremtUa. 
It will thna be seen, he addo, that the plant is exactly intcimediato between 
i&liifnri and TmncUini, (onnlug, ati it were, n ate pinng-alune from one to the other. 




Pio. &.~Uti«>! 




to which the plant 
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tnre has been specially iHastrated by M. Tulasne,* through the 
comiaOD species, Tremella mesenlerica. This latter ia of a. 
fine golden yellow colour, and rather 
large size. It is uniformly composed 
throughout of a, colourless niocilage, 
with no appreciable testare, in which 
are distributed very fine, diversely 
branched and anastomosing filaments. 
Towards the surface, the nltimaf« 
branches of this filamentous network 
give birth, both at their snmmita and 
laterally, to globular cells, which ac- 
quire a comparatively large size. 
These cells are filled with a protopias 

owes its orange colour. When thoy have attained their normal 
dimensions, they elongate at ihe summit into two, three, or 
four distinct, thick, obtuse tubes, into which the protoplasm 
gradually passes. The development 
of these tubes is unequal and not 
BimultaueouB, so that one will often 
attain its full dimensions, equal, per- 
haps, to three or four times the dia- 
meter of the generative cell, whilst 
the otliers are only just appearing. 
* By degrees, as each tube attains its 
full size, it is attenuated into a fine 
point, the extremity of which swells 
into a spheroidal cell, which nlti- 
mately becomes a spore. Sometimes t 

scud oat one or two lateral branches, each terminated by a spore. 
These spores (about '006 to '003 mm. diameter) are smooth, and 
deposit themselves, like a fine white dnst, on the surface of the 
Tremella and on its matrix. M. Leveillef was of opinion that 

• Tulaane, L. U. and C, "ObservationaontheOrgaaiiation of tbe Tremellini,"' 
in " Add. dea Sci. Nat." 3"" sir. xh. (1853), pp. 193, &c 

t M, LSveLll^, in "am. des Sci. Nat." 2-« Kir. viii. p. 328 ; S" sir, ii. 
p. 127 ; also Bonotden, " Hanilbuch der Mjcologie," p. 151. 




i tubes, or spicules, 



the basidia of the TretnoUini were monosporoua, whilst M. 
Tnlasne has domonatratcd that they are habitually tetraaporous, 
as in other of the Hymenomycetos. Although agreeing in this, 
they differ in other features, especially in the globose form of 
the basidia, mode of prodnction of the spicules, and, finally, the 
division of the basidia into two, three, or foar cells by septa 
which cut each other in their axis. This division precedes the 
growth of the spicules. It is not rare to see these cells, formed 
at the expense of an nnilocular basidinm, become partly iwolated 
from each other ; in certain cases they seem ta have separated 
veiy early, thoy then become larger than usual, and are groaped 
on the same filament so as to represent a kind of buds. This 
phenomenon usually takes place below the level of the fertile 
cells, at a certain depth in the m.acou8 tissue of the Ti-eniejla. 

Besides the reproductive system here described, Tulasne also 
made known the esistence of a series of filaments which produce 
apermatia. These filaments are often scattered and confused 
with those which produce the basidia, and not diHtinguishable 
from thorn ia size or any other apparent eharactcriatic, except 
the manner in which theii." extremities are branched in order to 
produce the spermatia. At other times the sperm atia-bearing 
surface covers exclusively certain portions of the fungus, espe- 
cially the inferior lobes, imparting thereto a very bright orange 
colour, which is coramuuicatiod by the layer o£ spermatia, 
nnmixed with spores. These spots retain their bright colour, ' 
while the remainder of the plant becomes pale, or covered with 
a, white dust. The spermatia are very small, spherical, and 
Bnaooth, scarcely equalling '002 mm. They are sessile, some- 
times solitary, somotimea throe or four together, on the 
slightly swollen extremities of certain filaments of the weft of 
the fungus.* Tnlasne found it impossible to make these cor- 
puscles germinate, and in all eeseiitial particulars they agreed 
with the spermatia found in aaeomycetous fungi. 

In the genus Daerymyces, the same observer found the stmcture 
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to have great afTinity with that of Tremella, The spores in the 
species examined were of a different form, being oblong, very 
obtuse, slightly curved (-013 — '019 x 'OO^ — '006 mm.), at first 
unilocular, but afterwards triseptate. The basidia are cylin- 
drical or clavate, filled with coloured granular matter ; each of 
these bifurcates at the summit, and gradually elongates into two 
very open branches, which are attenuated above, and ultimately 
each is crowned by a spore. There are to be found also in the 
species of this genus globose bodies, designated " sporidioles '* 
by M. Leveille, which Tulasne took considerable care to trace to 
their source. He thus accounts for them : — Each of the cells of 
the spore emits exteriorly one or several of these corpuscles, 
supported on very short and very slender pedicels, which remain 
after the corpuscles are detached from them, new corpuscles 
succeeding the first as long as there remains any plastic matter 
within the spore. The pedicels are not all on the same plane ; 
they are often implanted all on the same, and oftenest on the 
convex side of the reproductive body. These corpuscles, though 
placed under the most favourable conditions, never gave the 
least sign of vegetation, and Tulasne concludes that they are 
spermatia, analogous to those produced in Tremella. The spores 
which produce spermatia are not at all apt to germinate, whilst 
those which did not produce spermatia germinated freely. Hence 
it would appear that, although all spores seem to be perfectly iden- 
tical, they have not all the same function. The same observer 
detected also amongst specimens of the Dacrymyces some of a 
darker and reddish tint, always bare of spores or spermatia on 
the surface, and these presented a somewhat different structure. 
Where the tissue had turned red it was sterile, the constituent 
filaments, ordinarily colourless, and almost empty of solid matter, 
were filled with a highly-coloured protoplasm ; they were of less 
tenuity, more irregularly thick, and instead of only rarely pre- 
senting partitions, and remaining continuous, as in other parts 
of the plant, were parcelled out into an infinity of straight or 
curved pieces, angular and of irregular form, especially towards 
the surface of the fungus, where they compose a sort of pulp, 
varying in cohesion according to the dry or moist condition of 



the atmOBphere, All parts of these i^oddish indipidaals 
more or less infected with tliia disintegration, the basidia divided 
by tratiaverae diaphrf^ras into eeveral cylindrical or oblong 
pieces, which finally become free. Transitional conditions were 
also observed in mixed individuala. This sterile condition ia 
csilled by Tiilasne " gemmiparous," and he believes that it baa 
ere now given origin to one or more spurious species, and misled 
mycologists as to the real structure of perfect and fruitful 
Dacrymyeei. 

the hymenium is at first enclosed 
■ universal volva, maintaining a 
le. This envelope consiata of an 
Ijat similar texture, and an inter- 
siderable thickness. When 



Phailoidei. — In this order 
within a sort of peridinm i 
BOnicwhat globose or egg-shs 
onter and inner coat of somov 
mediate gelatinous layer, often o 



a section ia m.ade of the fiingits, whilst still eiiuloaed in. the 
volva, the bymeninm is found to present numerous cavities, in 
wbich basidia are developed, oLcli snrmunnted by spicules (four 
to six) bi-ariiig oval or oblong spoi-ea.* It is 
very difficult to observe the structure of the by- 
meninm in this order, oil. account of its deliques- 
cent nature. As the hymenium approaches ma- 
turity, the volva is ruptured, aud the plant rapidly 
enlarges. In Phallus, a long erect cellular stem 
bears the cop, over which the hymenium is 
Pio.B.— BsBid^ spread, and this expands enormously after eseap- 
'■«■ ing the restraint of the volva. Soon after expo- 

sure, the hymenium deliquesces into a dai'k mucilage, coloured 
by the minute spores, which drips from the pileas, often diffus- 
ing a most loathsome odour for a considerable distance. In 
0/atIirus, the receptacle forms a kind of network. In Aseroe, 
the pileua is beautifully stellate. In many the attractive forma 
would bo considered objects of beauty, were -it not for tbeir 
deliquescence, and often fcetid odour.f 



* Berkeley, M. J., " On the FmcliEcation of Lycopei-Jon, PhBllnH, ka.," in 
"Ann. Nat. Hist." 1840, vol. iy. p. 158, pi. 5. Berlseley, M. J., " Introduc- 
ttMi Crypt. Bob." p. 340. 

t loUsne, L. B. and C, " PanEi Sypogmi." Pnrifi. Berlietey anii Broome. 
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PoDAXiNEi. — This is a small but very curious group of fungi, 
in which the peridium resembles a volva, which is more or less 
confluent with the surface of the pileus. They assume hymeno- 
mycetal forms, some of them looking like Agarics, Boleti, or 
species of Sychium, with deformed gills, pores, or spines ; in 
Montagnites^ in fact, the gill structure is very distinct. The 
spores are borne in definite clusters on short pedicels in such of 
the genera as have been examined.* 

Hypog(EI. — These are subterranean pujQf-balls, in which some- 
times a distinct peridium is present ; but in most cases it consists 
entirely of an external series of cells, continuous with the in- 
ternal structure, and cannot be correctly estimated as a peridium. 
The hymenium is sinuous and convolute, bearing basidia with 
sterigmata and spores in the cavities. Sometimes the cavities are 
traversed by threads, as in the Myxogasires, The spores are in 
many instances beautifully echinulate, sometimes globose, at 
others elongated, and produced in such numbers as to lead to 
the belief that their development is successive on the spicules. 
When fully matured, the peridia are filled with a dusty mass 
of spores, so that it is scarcely possible in this condition to gain 
any notion of the structure. This is, indeed, the case with 
nearly all Qasteromycetes, The hypogoeous fungi are curiously 
connected with I*halloidei by the genus Hysterangium, 

TRiCHOGASTBES.t — In their early stages the species contained in 
this group are not gelatinous, as in the Myxogastres^ but are rather 
fleshy and firm. Very little has been added to our knowledge 
of structure in this group since 1839 and 1842, when one of us 
wrote to the following effect : — If a young plant of Lycoperdcn 
coelatum or L, gemmatum be cut through and examined with a 
common pocket lens, it will be found to consist of a fleshy mass, 

" Britisli Hypogoeous Fungi," in "Ann. Nat. Hist." 1846, xviii. p. 74. Corda, 
**Icones Fungorura," vol. vi. pi. yii. yiii. 

* Tulasne, "Sur le Genre Secotium," in ** Ann. des Sci. Nat." (1845), S"" 
ser. vol. iv. p. 169, plate 9. 

+ Tulasne, L. R. and C, "De la Fructification des Scleroderma comparee a 
celle des Lycoperdon et des Borista^^* in "Ann. des Sci. Nat." 1842, xvii. p. 5. 
Tulasne, L. R. and C, ** Sur les Genres Polysaccum et Geaster," in * *Ann. d':s 
Sci. Nat.".1842, xviii. p. 129, pi. 5 and 6. 
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perforated in every directioo with niiuule elongated, reticalatcd, 
noastoinosing, labyrinth iform cavities. The resemblance of these 
to the tnbea of Eolet'i in an early stage of growth, first led mc to 
suspect thiit there n\xi%t be some veiy close connection between 
them. If a verj- thin sHl-b now be taken, wtule the mass is yet 
firm, and before there is the slightest indication of a change of 
coloar, the outer stralnm of the walk of these cavities is found 
to consist of pellucid obtase cells, placecl paraUel to each other 
lilce the pile of velvet, exactly as in the youu^ hyiueninni of an 
Agaric or Boletus. Occasionally one or two filaments cross from 
one wall to another, and once I have .seen these anastomose. 
At a more advanced stage of gi-owth. four little spicalcs arc 
developed at the tips of the spoi-o- 
phores, bT! of which, as far as 1 have 
been afa'.e to observe, ai-e fertile and of 
eqnai height, and on each of these 
spicnles a globose spoi'e is seated. It 
is clear that we have here a strucfnrc 
identical with that of the true Hy- 
menomycetes, a circnmslance which 
accords well with the fleshy habit and 
mode of growth. There is some difB- 
culty in ascertaining the exact strnc- 
Fro. 9.— Baaidii and ppona tni'e of the Hpecies just noticed, as 
ot Zj»/,Bjiio». ^jjg fiTjit-beariog cells, or sporophorea, 

are very small, and when the spicules ai-e developed the substance 
becomes so flaccid that it is difficult to cot a proper slice, even 
■with the sharpest lancet. I have, however, satisfied myself &s 
to the tme strnctnre by repeated observations. But shoald any 
difBcnlty arise in verifying it in the species in question, there 
will be none in doing so in L^eoperilon giganteum. In this 
species the fructifying mass coflsists of the same sinuous cavities, 
which are, however, smaller, so that the substance is more com- 
pact, and I have not seen them traversed by any filaments. In 
an early stage of growth, the surface of the hymeniam, that ia of 
the walls of the cavities, consists of short threads composed of 
two or three articulations, which are slightly constricted at the 
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joints, from which, especially from the last, spring short branch- 
lets, often consisting of a single cell. Sometimes two or more 
branchlets spring from the same point. Occasionally the threads 
are constricted without any dissepiments, the terminal articula- 
tions are obtuse, and soon swell very much, so as greatly to 
exceed in diameter those on which they are seated. When arrived 
at their full growth, they are somewhat obovate, and produce 
four spicules, which at length are surmounted each with a glo- 
bose spore. When the spores are fully developed, the sporophores 
wither, and if a solution of iodine be applied, which changes 
the spores to a rich brown, they will be seen still adhering by 
their spicules to the faded sporophores. The spores soon 
become free, but the spicule often still adheres to them ; 
but they are not attached to the intermingled filaments. 
In Bovisla plumhea, the spores have very long peduncles.* As 
in the Hymenomycetes, the prevailing type of reproductive organs 
consisted of quaternary spores borne on spicules ; so in Gastero- 
mycetes^ the prevailing type, in so far as it is yet known, is very 
similar, in some cases nearly identical, consisting of a definite 
number of minute spores borne on spicules seated on basidia. 
In a very large number of genera, the minute structure and 
development of the fructification (beyond the mature spores) 
is almost unknown, but from analogy it may be concluded that 
a method prevails in a large group like the Myxogastres which 
does not differ in essential particulars from that which is known 
to exist in other groups. The difficulties in the way of studying 
the development of the spores in this are far greater than in the 
previous order. 

Myxogastres. — At one time that celebrated mycologist. Pro- 
fessor De Bary, seemed disposed to exclude this group from the 
vegetable kingdom altogether, and relegate them to a companion- 
ship with amoeboid forms. But in more recent works he seems 
to have reconsidered, and almost, if not entirely, abandoned, 
that disposition. These fungi, mostly minute, are characterized 
in their early stages by their gelatinous nature. The substance 

* Berkeley, ** On the Fructification of Lycoperdon, &c.," in "Annals of 
Natural History " (1840), iv. p. 155. 



82 



FUNGI. 



of which they are then composed bears considerable resemblance 
to sarcode, and, did they never change from this, there might be 
some excuse for doubting as to their vegetable nature ; but as the 
species proceed towards maturity tliey lose their mucilaginous 
texture, and become a mass of spores, intermixed with threads, 
surrounded by a cellular peridium. Take, for instance, the genus 
Trichia, and we have in the matui'cd specimens a somewhat 
globose peridium, not larger than a mustard seed, and some- 
times nearly of the same colour ; this ultimately ruptures and 
exposes a mass of minute yellow spherical spores, intermixed 
with threads of tlio same colour.* These threads, when highly 
magniBed, exhibit in themselves a spiral arrangement, which 
has been the basis of some controversy, and in some species 
these threads are externally spinulose. The chief controversy 







6. 



e. 



a. 



Fio. 10.- u. Threads of Trichia. b. Portion further magnified, with spores, c. Tor- 
tiou of spinulose thread. 

on these threads has been whether the spiral markings are 
external or internal, whether caused by twisting of the thread 
or by the presence of an external or internal fibre. The spiral 
appearance has never been called in question, only the structure 
from whence it arise?, and this, like the striae of diatoms, is 
very m uch an open question. Mr. Currey held that the spiral 

• Wigand, * * Morjihologie des Genres Trichia et Arcyria,*" in "Ann. des Sci. 
Nat" 4«»« s^r. xvi. p. 223. 
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appearance may be accounted for by supposing the existence 
of an accurate elevation in the wall of the cell, following a 
spiral direction from one end of the thread to the other. This 
supposition would, he thinks, accord well with the optical 
appearances, and it would account exactly for the undulations 
of outline to which he alludes. He states that he had in 
his possession a thread of Trichia cJirysosperma, in which the 
spiral appearance was so manifestly caused by an elevation of 
this nature, in which it is so clear that no internal spiral fibre 
exists, that he did not think there could be a donbt in the mind 
of any person carefully examining it with a power of 500 
diameters that the cause of the spiral appearance was not a 
spiral fibre. In Arcyria^ threads of a different kind are present; 




Fig. \\.—Arcyi'ia incarnata, with portion of threads and spore, magnified. 

they mostly branch and anastomose, and are externally furnished 
with prominent warts or spines, which Mr. Currey * holds are 
also arranged in a spiral manner around the tlireads. In other 
Myxogastres, threads are also present without any appreciable 
spiral markings or spines. In the,, mature condition of these 
fungi, they so clearly resemble, and have such close affinities 
with, the Trichogastres that one is led almost to doubt whether 
it was not on hasty grounds, without due examination or 
consideration, that proposals were made to remove them from 
the society of their kindred. 

Very little is known of the development of the spores in 
this group ; in the early stages the whole substance is so pnlpy, 
and in the latter so dusty, whilst the transition from one to 

* Carrey, "On Spiral Threads of Trichia," in "Quart. Joum. Micr 
Science" (1855), iii. p. 17. 
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the other is so rapid, that the relation between the spores and 
threads, and their mode of attachment, has never been definitely 
made out. It has been supposed that the spinulose projections 
from the capillitium in some species are the remains 
of pedicels from which the spores have fallen, but 
there is no evidence beyond this supposition in its 
favour, whilst on the other hand, in Stemonitis, for 
instance, there is a profuse interlacing capillitium, 
and no spines have been detected. In order to 
strengthen the supposition, spines should be more 
commonly present. The threads, or capillitium, form 
a beautiful reticulated network in SlemonUis, Cribra- 
ria, Diachcsa, Dictydium, &c. In Sptimaria^ Reticu- 
lar ia, hycogala^ &c., they are almost obsolete.* In 
no group is the examination of the development of 
structure more difficult, for the reasons already 
alleged, than in the Myxogastrcs. 

NiDULARiACEi. — This small group departs in some 
important particulars from the general type of struc- 
ture present in the rest of the Gasteromycetes.f 
The plants here included may be described under three parts, 
the mycelium, the peridium, and the sporangia The mycelium 

is often plentiful, stout, rigid, interlacing, and 
coloured, running over the surface of the soil, or 
amongst the vegetable debris on which the fungi 
establish themselves. The peridia are seated upon 
this mycelium, and in most instances are at length 
open above, taking the form of cups, or beakers. 
These organs consist of three strata of tissue vary, 
ing in structure, the external being fibrous, and 
sometimes hairy, the intenor cellular and delicate, the inter- 
mediate thick and at length tough, coriaceous, and resistant. 



Fuj. Vl.—Dia 
chcea elegaus. 




Fig. is.— CmtJius 
vendcosus. 



* In some of the genera, as, for instance, in Badhamia^ Enei'tJienema, and 
Jteticulariay the spores are produced within delicate cells or cysts, which are 
afterwards absorbed. 

t Tiilasne, ** Essai d'une Monographie des Nidulariees," in "Ann. des Sci. 
Nat." (1844), i. 41 and C4. 
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When first formed, the peridia are spherical, they then elongate 
and expand, the mouth being for some time closed by a veil, 
or diaphragm, which ultimately disappears. Within the cups 
lentil-shaped bodies are attached to the base and sides by elastic 
cords. These are the sporangia. Each of these has a com- 
plicated structure; externally there is a filamentous tunic, 
composed of interlaced fibres, sometimes called the peridiole ; 
beneath this is the cortex, of compact homogenous structure, 
then follows a cellular thicker stratum, bearing, towards the 
centre of the sporangia, delicate branched threads, or sporo- 
phores, on which, at their extremities, 
the ovate spores are generated, some- 
times in pairs, but normally, it would 
seem that they are quaternary on spicules, 
the threads being true basidia. The whole 
structure is exceedingly interesting and 
peculiar, and may be studied in detail in 
Tulasne's memoir on this group. 

SPHiERONEMEi. — In this vcry large and, 
within certain limits, variable order, there 
is but little of interest as regards struc- 
ture, which is not better illustrated else- 
where ; as, for instance, some sort of peri- J^^- ^^-Oyatkua 

' / ' ^ gium. 6. Section. 

thecium is always present, but this can piiore. d. Spores. 
be better studied in the Sphcdriaceu The spores are mostly very 
minute, borne on delicate sporophores, which originate^ from the 
inner surface of the perithecia, but the majority of so-called 
species are undoubtedly conditions of spheeriaceous fungi, either 
spermatogonia or pycnidia, and are of much more interest 
when studied in connection with the higher forms to which they 
belong.* Probably the number of complete and autonomous 
species are very few. 

Melanconiet. — Here, again, are associated together a great 
number of what formerly were considered good species of fungi, 
but which are now known to be but conditions of other forms. 

* Berkeley, M. J., " Introd action, Crypt. Bot." p. 330. 
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One great point of distinction between tbeae and the preceding 
IB the absence of any true peritLecinm, the spores being pro- 
duced in a Itind of sparious receptacle, or from a sort of Htroma. 
The spores are, as a rale, larger and much more attractive than 
and, in some instances, are either very fine, or 
Tery carious. Under this head we may mention the laulti- 
septate spores of Corj/neum; the tri-radiate spores of A»lero~ 
tporiam ; the curious crested spores of 
Peslaloxzia; the doubly crested spores of 
liilopJtospara ; and the scai^cely loss sin- 
gular gelatinous coated spoi-ea of Cheiro- 
gpO)-a. la. all cases the fructification is 
abundant, and the spores frequently ooze 
out in tendrils, or form a black masR 
above the spurious receptacle from wliich 
they issue.* 

ToKULACEi, — In this order there seems, 
at first to be a considerable resemblance 
to the Demaliei, except that the threads are almost obsolete, and 
the plant is reduced to chains of spores, without trace of perithe- 
cium, investing cuticle, ov definite stroma. Sometimes the spores 
are simple, in otlier cases septate, and in Sporochisma are at first 
prodnced in an investing eell. In most eases simple threads 
at length become septate, and are ultimately differentiated into 
spores, which separate iit the joints when fully mature. 

CiOMACEi.^ — Of far greater interest are the Coniomycetons 
parasites on living plants. The present order includes those in 
which the spore t ia reduced to a single cell ; and here we may 
observe that, although many of them are now proved to be 
imperfect in themselves, and only forms or conditions of other 
fnngala, we shall write of them here without regard to their 
duality. These originate, for the most part, within the tissues 
of Hving plants, and are developed outwards in pnatnles, which 
bnrst throngli the cuticle. The myceliuia penetrates the iuter- 
• Berkeley, M. J., "Introduction, Ciypt. Bot." p. 829. 
f In the Caamacei and Pucciniai the term " peendospore ' nould be mui;h 
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r paaaages, and may sometiraea be foirnd in parts of the 
plants where the ftingaa does not develop itself. There is no 
proper excipulnm or pevidium, and the spores spring direct 
from a more compacted portion of the mycelium, or fi-om a 
cushion-like stroma of small cells. In 
Lect/thea,lhe sub-giobose spores are it 
first generated at the tips of short 
pedicels, from which they are ultt- 
mately separated ; enrroun ding these ^, 
spores arise a series of barren cells, 
or cysts, which are considerably lai^er 
than the true spores, and colourlesa, 
while the spores are of some shade of yellow or orange.' In 
Trichohadg, the spores are of a similar character, sub-globose, 
and at first podicelUte ; but there are no surrountling cysts, and 
the colour is more usually brown, al- 
though sometimes yellow. In Uredo, 
the spores are at firet generated singly, 
within a mother cell ; they are globose, 
and either yellow or brown, without 
any pedicel. In Coleosporium, there 
are two kinds of spores, those of a 
■ palvemleut nature, globose, which are 
Bometiraes produced alone at the com- 
mencement of the season, and others Pia. 
which originate as an elongated cell ; 
this becomes septate, and ultimately separates at the joints. 
During the greater part of the year, both kinds of spores are to 
bfe found in the same pustule. lo 
Melampeora, the winter spores are y''^\ 

elongated and wedge-shaped, com- ^^^Ob 

pacted tc^ether closely, and are only ^^^^ 

matured during winter on dead leaves ; p^^ ib_m b. r ■ 

the summer spores are pulverulent 
and globose, being, in fact, what were until recently regarded 

* L^Teill^, " Sur la Dispodtion M^trboilique des Ur^din^es," ia " Ann. ties 
Sci. Nat." (1S47), vol. viii. p. S69. 
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as species of Lecylhea. In Cystojiiis, the spores are 

or sofoBwbat angular, generated in ft moniliform i 

afterwards sepftnitiiig at the jointa. The npper spore is always 

the oldest, continnoiis prodaction of spores going on for some 

time at the base of the chain. Under favoarable 

conditions of moisture, each of these spores, or 

conidia, as De Bary terms them, is capable of 

prodacing within itself a number of zoospores; * 

these ultimately burst the vesicle, move about by 

the aid of vibratile cilia, and at last settle down. 

to germinnto. Besides these, other reproductn'e 

bodies are generat^id upon the mycelium, within 

the tissues of the plant, in. the form of globose 

oogonia, or resting spores, which, when mature, 

also enclose great numbers of zoospores. Similar 

oogonia are produced amongst the Mucedines in 

the genus Feronospora, to which De Bary con- 

aidera Ci/stopug to be closely allied. At all events, 

L jio, ]B.^(Vjro/>M» tliis is a peculiaiity of structure and development 

I """ ' '"' not as yet met witli in any other of the C/eomaeei. 

flu Uromi/ces is the nearest approach In the Pucdniiei ; in fact, 

it ia Fueeinia reduced to a single cell. The form of spore ia 

BHually more angular and irregular than in Triehohmig, and the 

pedicel is permanent. Jb may lae remarked here, that of the 

foregoing genera, many of the species are not autonomous that 

i hitherto been included amongst them. This ia especially 

L .true of Leeythea, Trichohasi's, and, as it now appears, of 

PfccisiST. — This group diifei's from the foregoing chiefly in 

f having septate spores. TLe pustules, or sori, break through 

J cuticle in a similar manner, and here also no true poridium 

present. In Xenodochm, the liighest development of joints 

i reached, each spore being composed of an indefinite number, 

. ten to twenty cells. With it is associated an unicellular 

• De Bary, "Champignons Paraaitea," ia "Ann. fleaSci. Nat." i"'^sir. tdI. xt. 
^ Tnlania, " M^moire Bar les Drfdmie», kc," in" Ann. dea Sd. Nat." (165i), 
I. ii p. 78. 
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j-elluw TJredine, of which, it is a condition. Probably, iu every 

species of the Pucciniiei, it may hereafter be proved, as it is 

now suspected, that an anicelliilar TJredine 

precedes or is associated with it, forming 

a condition, or secondary form of fruit 

of that species. Many instances of that 

kind have already been traced by De Bary,* 

Tulasue, and others, and some have been a 

little too rashly surmised by their followers. 

In Fhragniid'mm, the pedicel is much more 

elongated than in Xenodochui, and the spore 

is shorter, with fewer and a more definite 

namberof cells for each species ; Mr Carrey 

is of opinion that each celt of the spote tn 

Fhragmidium has an inner globose cell, i 

which he caused to escape by rupture of the bo a -m 

outer cell wall as a sphojroid nucleus f leading to the infi 

that each cell has its own individual powet of germination 

reproduction. In Ti-iphragmium, there are 

three cells for each spore, two being placed 

side by side, and one superimposed In one 

species, however, Triphragmium degluhens 

(North American), the cells areananged as 

in Fhragmidium, so that this represents really 

a tricellular Fkragmidiam, linking the pre 

sent with the latter genus. In Pucctnta 

the nnraber of species ia by far the most 

numerous ; in this genus the spores are uni 

septate, and, as in all the Puccini^i the 

peduncles are permanent. There is great 

variability in the compactness of the spores 

in the son, or pulvinules. In some species, 

the sori are so pnlvernlent that the spores 

are as readily dispersed as in the Uredines 

in others they are so compact as to be separated from each 




• Do Barj, " Oeber die Brandpilse," Berlin, 18S3. 
+ Oorrey. in " Qnart, Joum. Mtcr. Soj." (185?>, vol. 
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by side, nearly at the saTiie level, their apices 
forming' the external surface of the soi'i, but 
it will not be unusQal to observe smaller 
and younger spores pushing up from the 
hymenial coIIb, between the peduncles of 
the elder spores, leading to the inference 
ipores produced in the same pulvi- 
f- Bule. In Bodisoma, a rather anomalous genua, the septate spores 
mersed in a gelatinous stratum, and some authora have 
imagined that they have an affinity with the 'i'l'emellini, but 
this affinity ia more apparent tLaa real. The phenomena of 
germination, and their rclationa to Mceslelia, if snbstantiatec!, 
establish their claim to a position amongst the Fvcchneei.* It 
seems to ua that Qyvtnosporangium does not differ generically 
from Fadisoma. In a recently-charact-erized species, Podhovia 
Ellisii, the spores are bi-trisepta.te. This is, moreover, peculiar 
from the great deficiency in the gelatinous element. In another 
North American species, called Oymnoiporangium hiseptalum, 
Ellis, which is distinctly gelatinous, there are similar biseptate 
spores, but they are considerably broader and more obtuse. In. 
other described species they are nniseptate. 

UsHLAGiNi:r. — These fungi are now usually treated aa distinct 
fi'om the CiFomacei, to which they are closely related.f They 
are also parasitic on growing plants, but the spores are usually 
black or sooty, and never yellow or orang* ; on an average much 
smaller than in the Cieomaeei. In Tilletia, the spores are 
. .^horical and reticulated, mixed with delicate threads, from 

" in " Joarnal of Qoakett Mioroacopical Club," vdI. ii. 
ir lea Ualilasirnies," iu " Ann. dja Sci. Nat." (1S4?), 
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whence they spring. In the best known species, Tilletia caries, 
they constitute the " bunt " of wheat. The peculiarities of 
germination will be alluded to hereafter. In Ustilago, the 
minute sooty spores are developed either on delicate threads 
or in compacted cells, arising first from a sort of semi-gelati- 
nous, gruraous stroma. It is very difficult to detect any threads 
associated with the spores. The species attack the flowers and 
anthers of composite and polygonaceons plants, the leaves, 
culms, and germen of grasses, &c., and are popularly known as 
" smuts." In TTrocystis and Thecaphora, the spores are united 
together into sub-globose bodies, form- 
ing a kind of compound spore. In 
some species of Uroci/stis, the union 
which subsists between them is com- 
paratively slight. In Thecapliora, on 
the contrary, the complex spore, or 
agglomeration of spores, is compact, ^^°- ^^'-^J^<^<^<^P^^ora hyaiina. 

being at first apparently enclosed in a delicate cyst. In Tubur- 
cinia^ the minute cells are compacted into a hollow sphere, 
having lacunae communicating with the interior, and often exhi- 
biting the remains of a pedicel. 

-^CIDIACEL — This group difiers from the foregoing three 
groups prominently in the presence of a cellular peridium, which 
encloses the spores ; hence some mycologists have not hesitated 
to propose their association with the 
Gasteromycetes, although every other 
feature in their structure seems to 
indicate a close affinity with the 
CceomaceL The pretty cups in the 

genus ^cidium are sometimes scat- ~^'^^^. 

tered and sometimes collected in clus- ^^°- 24.-^ci(Zium Berberidu, 
ters, either with spermogonia in the centre or on the opposite 
surface. The cups are usually white, composed of regularly 
arranged bordered cells at length bursting at the apex, with the 
margins turned back and split into radiating teeth. The spores 
are commonly of a bright orange or golden yellow, sometimes 
white or brownish, and are produced in chains, or moniliform 
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strings, slightly attached to each other,* and breaking off at the 
summit at the same time that they continue to be produced at 
the base, so that for some time there is a successive production 
of spores. The spermogonia are not always readily detected, as 
they are much smaller than the peridia, and sometimes precede 
them. The spermatia are expelled from the lacerated and 
fringed apices, and are very minute and colourless. In Boestelia 
the peridia are large, growing in company, and splitting longi- 
tudinally in many cases, or by a lacerated mouth. In most in- 
stances, the spores are brownish, but in a splendid species from 
North America {Boestelia auraniiaca, Peck), recently charac- 
terized, they are of a bright orange. If CErsted is correct in 
his observations, which await confirmation, these species are all 
related to species of Podisoma as a secondary form of fruit.f 
In the Bcestelia of the pear-tree, as well as in that of the moun- 
tain ash, the spermogonia will be found either in separate tufts 
on discoloured spots, or associated with the JRoestelia, In Pm- 
dermium there is very little structural difference from JRoestelia, 
and the species are all found on coniferous trees. In Endo^ 
phi/llum, the peridia are immersed in the succulent substance of 
the matrix ; whilst in GrapJiiola, there is a tougher and withal 
double peridium, the inner of which form a tuft of erect threads 
resembling a small brush. J 

Htphomycetes. — The predominant feature in the structure of 
this order has already been intimated to consist in the develop- 
ment of the vegetative system under the . form of simple or 
branched threads, on which the fruit is generated. The common 
name of mould is applied to them perhaps more generally than 
to other groups, although the term is too vague, and has been 
too vaguely applied to be of much service in giving an idea of 
the characteristics of this order. Leaving the smaller groups, 
and confining ourselves to the Dematiei and the Mucedines, we 

* Gorda, ** Icones Fungorum," vol. iii. fig. 45. 

t Cooke, " On Podisoma," in " Qnekelt Journal," vol. ii..p. 255. 

\ It may be a question whether Grai^hiola is not more nearly allied to 
Trichocoma (Jungh Fl. Cryi»t. Javse, p. 10, f. 7) than to the genera with which 
it is usually associated — M. J. B. 



STRUCTDBE, 43 

Bball obtain some notion of tlie prevalent structure. In the 
former the threads are more or less carbonized, in the latter 
nearly colourless. One of the largest genera iu Dematiei is 
Ilelminthoaporium. It appears on decaying herbaceous plants, 
and on old wood, forming effused black velvety patches. The 
mycelium, of coloured jointed threads, overlays and penetrates the 
matrix ; from this arise erect, rigid, and usually jointed threads, 
of Bk dark brown, nearly black colonr 
at the base, but pater towards the 
apes. In most cases these threads 
have an externally cortical layer, 
which imparts rigidity ; usually from 
the apex, but sometimes laterally, tbe 
spores are produced. Although some- 
times colourless, these are most com- 
monly of some shade of brown, more 
or less elongated, and divided trans- 
versely by few or many septa. In 
Helminthoiporium S-mitkU, the spores 
much exceed the dimensions of the 
threads ; * in other species they are 
smaller. In DendrypMum, the threads 
and spores are very simUar, except 
that the threads are branched at their 
apex, and the spores are often pro* 
duced one at the end of another in a 
short chain.t In Septogporium again, 
the threads and spores are similaj-, but 
the spores are pedicellate, and at- p 
tached at or near the base ; whilst in 
Acrothecium, with similar threads and spores, the latter are 
clnstered together at the apex of the threads. In Triposporium, 
the threads are similar, but the spores are tri-radiate ; and in 
Helicomu, the spores are twisted spirally. Thus, we might pass 

* Cooks, "Od iEcroscopic Moulds," in " Quekelt Journal," toL ii. plate 7. 
t Stt "Dendryphium Pumoauni," in " QuekeW Journal," toL ii. plate 8; or, 
" Carda Fnuhtflonv," plate 22. 
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. through aJl the genera to illustrate thtfi chief feature of colnui-ed, 
septate, rather rigid, and mostly erect threads, bearing at some 
point spoi-es, which in most in- 
stances are elongated, coloured, 
and septate. 

MccEDiNES. — Here, on the other 
hand, the threads, if culuQi'ed nt 
all, are still delicate, more flexuous, 
with much thinner walla, and noyer 
inTestcd iTith an extern[d cortical 
layer. One of the moat important 
and highly developed geneva is 
PeroTwipora, the membera of which 
I. arc parasitic npon and deatmctive 
. is to this genus that the mould of tho 
e belongs. Professor De Bary has done 
r mycologist in the investigation and eluci- 
dation of this genus ; and his mouo- 
grapL is a masterpiece in its way.* 
He was, however, preceded by Mr. 
Berk eley, and more especially by Dr. 
Montague, by many years in eluci- 
dation of tho structure of the flocci 
and eonidia in a number of species.-j- 
In ttig genas, there is a delicate 
mycelium, which penetrates the in- 
tercellular passages of living plunt,s, 
giving rise to erect branched 
thi'eads, which bear at the tips of 
their ultimate ramuli, auh-globose, 
ovate, or elliptic spores, or, aa De 
-Deeply Heated on tLe mycelium, 
the Bubstance of the foater plant, other repi'odnctive 
I bodies, called oogonia, originate. These are spherical, more or 

*DeB»i7,"Cbainpignona rarnaiUB," in "Ann. dos Sci. Kat."*"" air, vol. us. 
iBerlule;, "On llie Potato Murrain," in ■■J.iiim. ot liort. Sue, of Uudon." 
" i. <1840), p. 0. 




, liary terras them— 



STRUCTUBE. 



45 



less warted and brownish, the contents of which become dif- 
ferentiated into vivacious zoospores, capable, when expelled, of 
moving in water by the aid of vibratile cilia. A similar struc- 
ture has already been indicated in Cystopus, otherwise it is rare 
in fungi, if the Saprolegniei be excluded. In Botrytis and in 
Poly act is, the flocci and spores are similar, but the branches of 
the threads are shorter and more compact, and the septa are 
more common and numerous ; the oogonia also are absent. De 
Bary has selected Polyactis cinerea, as it occurs on dead vine 
leaves, to illustrate his views of the dual- 
ism which he believes himself to have 
discovered in this species. " It spreads 
its mycelium in the tissue which is becom- 
ing brown," he writes, " and this shows 
at first essentially the same construc- 
tion and growth as that of the mycelium 
filaments of Aspergillus.^^ On the my- 
celium soon appear, besides those which 
are spread over the tissue of the leaves, 
strong, thick, mostly fasciculate branches, 
which stand close to one another, break- 
ing forth from the leaf and rising up per- 
pendicularly, the con idia- bearers. They 
grow about 1 mm. long, divide them- 
selves, by successively rising partitions, 
into some prominent cylindrical linked 
cells, and then their growth is ended, 
and the upper cell produces near its 
point three to six branches almost stand- 
ing rectangularly. Of these the under 
ones are the longest, and they again shoot forth from under 
their ends one or more still shorter little branches. The 
nearer they are to the top, the shorter are the branches, and 
less divided ; the upper ones are quite branchless, and their 
length scarcely exceeds the breadth of tlie principal stem. Thus 
a system of branches appears, upon which, on a small scale, a 
bunch of grapes is represented. All the twigs soon end their 




Fig. 28. — Polyactis cinerea. 
a. Apex of hypha. 
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growth; they all separate tbeir inner Bpace from tho principal 
atem, by means of a cross partition placed cloae to it. All the 
eni3s, and also that of the principal stem, swell about the same 
time something like a bladder, and on the npper free half of 
each awelUng appear again, Bimnltaneonsly, several fine pro- 
taberances, close together, TThich. quickly grow to little oval 
bladders filled with protoplasm, and resting on their bearers 
with a sub-sessile, pedicellate, narrow basis, and which at length 
separate themselves throngh a pai'tition as in Aspergillus, The 
detached cells are tho coniilia, of onr fungus ; only one is formed 
on each stalk. When the formation is completed in the whole 
of the panicle, the little branches which compose it are de- 
prived of their protoplasm in favour of tho cuiiidia; it is the 
Game with tho under end of the principal stem, the limits of 
which are marked by a cross partition. The delicate wall of 
these parts sliritiks up until it is nn re cognizable ; all the conidia 
of the panicle approach one another to form an irreguhir grape- 
like bunch, which rests Jooaoly on the bearer, and from which 
it easily falls away as dust If they ba brought into water they 
fall off immediately; only the empty, shrivelled, delicate skins 
arc to be found on the branch which bore them, and the places 
on which they are fixed to the principal stem clearly appear aa 
round circumscribed hilums, generally rather arched towards 
the exterior. The development of the main stem is not ended 
here. It remains solid and filled with protoplasm as far as the 
portion which forms the end through its conidia. lis end, 
which is to be found among these pieces, becomes pointed after 
the ripening of the first panicle, pnshes the end of the shrivelled 
member on one side, and gi'ows to the same length as the 
height of one or two panicles, and then remains still, to form a 
second panicle similar to the first. This is later equally per- 
foliated aa tho first, then a, third follows, and thus a largo 
nnmber of panicles are produced after and over one another on 
the same stem. In perfect specimens, every perfoliatcd panicle 
hangs loosely to its original place on the surface of tho stem, 
until by shaking or the access of ivater to it, it falls immediately 
into tliB single conidia, or the remains of branches, and the 
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already-mentioned oval hilums are left behind. Naturally, the 
stem becomes longer by every perfoliation ; in luxuriant speci- 
mens the length can reach that of some lines. Its partition is 
already, by the ripening of the first panicle from the beginning 
of its foundation, strong and brown ; it is only colourless at the 
end which is extending, and in all new formations. During all 
these changes the filament remains either unbranched, except 
as regards the transient panicles, or it sends out here and there, 
at the per foliated spots, especially from the lower ones, one 
or two strong branches, standing opposite one another and 
resembling the principal stem. 

The mycelium, which grows so exuberantly in the leaf, often 
brings forth many other productions, which are called sclerotia^ 
and are, according to their nature, a thick bulbous tissue of 
mycelium filaments. Their formation begins with the profuse 
ramification of the mycelium tlireads in some place or other ; 
generally, but not always, in the veins of the leaf; the inter- 
twining twigs form an uninterrupted cavity, in which is often 
enclosed the shrivelling tissue of the leaf. The whole body 
swells to a greater thickness than that of the leaf, and protrudes 
on the surface like a thickened spot. Its form varies from 
circular to fusiform; its size is also very unequal, ranging 
between a few lines and about half a millimetre in its largest 
diameter. At first it is colourless, but afterwards its outer 
layers of cells become round, of a brown or black colour, and it 
is surrounded by a black rind, consisting of round cells, which 
separate it from the neighbouring tissue. The tissue within the 
rind remains colourless ; it is an entangled uninterrupted tissue 
of fungus filaments, which gradually obtain very solid, hard, 
cartilaginous coats. The sclerotium, which ripens as the rind 
becomes black, loosens itself easily from the place of its forma- 
tion, and remains preserved after the latter is decayed. 

The sclerotia are, here as in many other fungi, biennial 
organs, designed to begin a new vegetation after a state of 
apparent quietude, and to send forth special fruit-bearers. They 
may in this respect be compared to the bulbs and perennial 
roots of under shrubs. The usual time for the development of 
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leaves. As long as the frost does not set m t 

nWy spring up, and each one nttftins torp m fwdy 

If frost appears, it can lie dry a whole yea with t 1 g 
its power of development. This latter m wli th 

sclerotium ia bi'ougiit into contact with d mp gr d d g 
tile usual temperature of onr wurmer s If th 

soon, at the latent some weeks after, it i np g t t 

grows very quickly, generally after a. few day , in everal parts 
the coIonrleBS filaments of the inner tissue begin to send out 
clusters of strong branches, which, breaking through the black 
rind, §tretch themselves up perpendicularly towards the surface, 

1 separate from one another, and then take 

ySN all the characteristics of theconidia-bearers. 
ill ^Itny such, clusters can be produced on one 
Bclerotium, ho that soon the greater part of 
the surface is covered by filamentous conidia- 
bearers with their panicles. The colourless 
tissue of the sclerotium disappears in the 
same degree as the conidia-bearers grow, 
and at last the black rind remains behind 
empty and shrivelled. If we bring, after 
many months, for the first time, the ripe 
sclerotium, in damp ground, in summer or 
autumn, a-fter it has ripened, the farther 
,j, development takes place more slowly, and 
"■ in an essentially diS'erent form. It is trae 
that from the inner tissue numerous fila- 
: shoot forth at the cost of this growing 
fascicle, and break through the black rind, but its filaments 
remain, strongly bound, in an almost parallel situation, to a 
cylindrical cord, which for a time lengthens itself and spreads 
out its free end to a flat plate-like disc. This is always formed 
of strongly united threads, ramificationa of the cylindrical cord. 
On the free upper surface of tte disc, the filaments shoot forth 
innumerable branches, which, growing to the same height, thick 
and parallel with one another, cover the before-named disc. 
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Some remain narrow and cylindrical, are very numerous, and 
produce fine hairs (paraphyses) ; others, also very numerous, take 
the form of club-like ampulla cells, and each one forms in its 
interior eight free swimming oval spores. Those ampulla cells 
are sporidiiferous asci. After the spores have become ripe, the 
free point of the utricle bursts, and the spores are scattered to a 
great distance by a mechanism which we will not here further 
describe. New ampullas push themselves between those which 
are ripening and withering ; a disc can, under favourable circum- 
• stances, always form new asci for weeks at a time. The num- 
ber of the already described utricle-bearers is different, accord- 
ing to the size of the sclerotium ; smaller specimens usually 
produce only one, larger two to four. The size is regulated 
by that of the sclerotia, and ranges, in full-grown specimens, 
between one and more millimetres for the length of the stalk, 
and a half to three (seldom more) millimetres for the breadth of 
the disc* For some time the conidia form, belonging to the 
3fucedines, has been known as Botryiis cinerea (or JPolyactis 
cinerea). The compact mycelium, or sclerotium, as an im- 
perfect fungus, bore the name of Sclerotium ecJiinatum, whilst to 
the perfect and cup-like form has been given the name of JPeziza 
Fucheliana, We have reproduced De Bary's life-history of this 
mould here, as an illustration of structure in the Muce dines, but 
hereafter we shall have to write of similar transformations when 
treating of polymorphism. 

The form of the threads, and the form and disposition of the 
spores, vary according to the genera of which this order is com- 
posed. In Oldium the mostly simple threads break up into 
joints. Many of the former species are now recognized as con- 
ditions of ErysipJie, In Aspergillus, the threads are simple and 
erect, with a globose head, around which are clustered chains of 
simple spores. In I^enicilUum, the lower portion of the threads is 
simple, but they are shortly branched at the apex, the branches 
being terminated by necklaces of minute spores. In Dactylium, 

* De Bary, ** On Mildew and Fermentation,** p. 25, reprinted from " German 
Quarterly Magazine," 1872 ; De Bary, " Morphologie nnd Physiologie der 
Pilze,** (1866), 201 
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the threa<Js are branched, bnt the spores are collected in clusters 
nanally, and are moreover septate. In other genera siinUar 
dietinctions prevail. These two groups of black moulds and 
white niottlds are the noblest, and contain 
the largest number of genera and species 
amongst the Syplioniycetes. There is, how- 
ever, the small group ai Itariacei, in which 
the threads are compacted, and a semblance 
of such hymenomycetal forms as Clavariit 
and Pterula is the resnlt, but it ia doubtful 
if this group contains many autonomous 
species. In another small group, the Stil- 
haeei, there is a composite character in the 
head, or receptacle,* and in the stem when 
the latter is present. Many of these, again, 
as Tuberciilaria, Volutella, Fusariam, Ac., 
contain doabtful species. In Sepedoniei and 
no. 30.— i'!nicw'i«ni.e*!ii-- TrichodermaeeifihB threads are reduced to a 
minimum, and the spores are such a dis- 
tinctive element that throngh these groups the Hyplioiiiyoetea 
are linked with the Coniomj/eetea. These groups, however, are not 
of sufficient size or importance to demand from us, in a work of 
.this character, anything more than the passing allusion wbich 
we have given to them. 

We come. now to consider the structure in the Sporidiifera, in 
which the fructifying corpasclea or germs, whether called spores 
or Hporidia, are generated within certain privileged cysts, usually 
in definite numbers. In systematic works, these are inclnded 
nndev two orders, the Pkygomyceles and the Aecomycetes. The 
former of these consists of cyst-bearing moulds, and from their 
nearest affinity to the foregoing will occupy the first place. 

PhtsOMYcetes include, especially amongst the Mucorini, many 
most interesting and instructive species for study, which even 
very lately have occupied the attention of continental mycolo- 
gists. Most of these phenomena are associated more or less 
with reproduction, and a& such will hare to be adverted to again, 

* Cooke, ■' Handbook of British Fnngi," toI. ii. p. 663. 
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but tliere are points in the structure which can best be alluded 
to here. Again taking Professor de Bary's researches as our 
guide,* we will illustrate this by the common Mucormucedo: 
If we bring quite fresh horse-dung into a damp confined 
atmosphere, for example, under a bell-glass, there appears on its 
surface, after a few days, an immense white mildew. Upright 
strong filaments of the breadth of a hair raise themselves over 
the surface, each of them soon shows at its point a round little 
head, which gradually becomes black, and a closer examination 
shows us that in all principal points it perfectly agrees with 
the sporangia of other species. 
Each of these white filaments 
is a sporangia-bearer. They 
spring from a mycelium which 
is spread in the dung, and 
appear singly upon it. Cer- 
tiiin peculiarities in the form 
of the sporangium, and the 
little long cylindrical spores, 
which, when examined sepa- 
rately, are quite flat and co- 
lourless, are characteristic of 
the species. If the latter be 
sown in a suitable medium, 
for example, in a solution of 
sugar, they swell, and shoot 
forth germinating utricles, which quickly grow to mycelia, which 
bear sporangia. This is easily produced on the most various 
organic bodies, and Mucor mucedo is therefore found sponta- 
neously on every substratum which is capable of nouiishing 
mildew, but on the above-named the most perfect and exuberant 
specimens are generally to be found. The sporangia-bearers 
are at first always branchless and without partitions. After 
the sporangium is ripe, cross partitions in irregular order and 
number often appear in the inner space, and on the upper 

* De Bary, "On Mildew and Fermentation," in ** Quarterly German Magazine/' 
or 1872. 




Fio. 31. — Mucor mucedo, with three sporangia. 
a. Portion of frill v^ith sporangiola. 
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surface bruncliea of diirpient numlier and aizo, eftch of wliich 
fcirias a sporangium at its point. The sporangia which arc 
formed later are often very similar, but Bometimea very JiBetent, 
to those which first appeared, because their partition is very 
thick and does not fall to pieces when it ie ripe, bat irregU' 
larly breaks off, or remains entire, enclosing the spores, and at 
last falls to the ground, when tlie fungna withers. The cross 
partition which separates the sporangia from its bearers is in 
those which are first formed (w hich are always relatively thicker 
sporangia) very strongly convert, while those which follow later 
are often, smaller, and in little weak specimona much less arched, 
and sometimes quite straight. After a few days, similar filaments 
generally show thcTnaelves on the dung between the sporangia- 
bearers, which appear to the naked eye to be provided with deli- 
cate white frills. Wheix) such an otic is to bo found, two to four 
rectangular expanding little branches spring up to the same 
height round the filament. Fach of thyse, after a short and 
simple pvocass, branch out into a furcated form ; the furcatioiiB 
being made in such a manner that the ends of the branch at last 
BO stand together that their surface forms a ball. Finally, ench 
of the ends of a branch swells to a little round spurimgium, 
■which is limited by a partition (called sporaugiolam, to distin- 
gaish it from the larger ones), in which some, generally four, 
spores are formed in the manner already known. When the 
Hporangiola aro alone, they have such a peculiar appearance, with 
their richly-branched bearers, that they can be taken for some- 
thing quite different to the organs of the Mucor miiufla, and 
were formerly not considered to belong to it. That they really 
belong to the Mucor ie shown by the principal filament which it 
bears, not always, but very often, ending with a liirgo sporan- 
gium, which is characteristic of the Mucor muecdo : it is still 
more evident if we sow the spores of the sporangiolum, for, as 
it germinates, a mycelium is developed, which, near a simple 
bearer, can form large sporangia, and those form sporangiola, 
the first always considerably preponderating in number, and 
very often exclusively. If we ■examine a large number of speci- 
we find every possible middle form between the simple 
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or less branched sporangia-bearei's and lie typical sporangiola 
frills J and we arrive at last at tlie conclusion simply to place the 
latter among the varieties of form which the sporangia-bearer 
of the Mucor mucedo shows, like every other typical organic 
form within certain limits. On the other hand, propagation 
organs, differing from those of the sporangia and their products, 
belong to Mucor mucedOy which may be termed conidia. On 
the dung (they are rare on any other substance) these appear at 
the same time, or generally somewhat later, than the sporangia- 
bearers, and are not unlike those to the naked eye. In a more 
accurate examination, they appear different ; a thicker, partition- 
less filament rises up and divides itself, generally three-forked, at 
the length of one millimetre, into several series of branchlets. 
The forked branches of the last series bear under their points, 
which are mostly capillary, short erect 
little ramuli, and these, with which 
the ends of the principal branches ar- 
ticulate on their somewhat broad tops, 
sevei'al spores and conidia, near one 
another; about fifteen to twenty are 
formed at the end of each little ra- 
mulus. The peculiarities and varia- 
tions which £0 often appear in the Fio. 82.— Small portion of Botrytu 

ramification need not be discussed 

here. After the articulation of the conidia, their bearers sink 
together by degrees, and are quite destroyed. The ripe conidia 
are round like a ball, their surface is scarcely coloured, and almost 
wholly smooth. These conidioid forms were at first described 
as a separate species under the name of Botrytis Jonesii. How, 
then, do they belong to the Mucor? * That they appear grega- 
riously is as little proof of an original relation to one another, 
here as elsewhere. Attempts to prove that the conidia and spo- 
rangia-bearers originate on one and the same mycelium filament 
may possibly hereafter succeed. Till now this has not been the case, 

* We are quite aware that Von Tiegbem and Le Monnier, in " Ann. des Sci. 
Nat." 1873, p. 335, dispute that this belongs to Mucor muccdOy and assert that 
Chcetocladium Jonesii is itself a true Mucor, with monosporous sporangia. 
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and he wlio has ever tried to disentangle the mass of filaments 
which esnberantlj covers the substrfttum of a Mucor vegetation, 
which has reached so far as to form conidia, will not bo surprised 
that all attempts have hitherto proved abortive. The suspicion 
of the connection founded on the gregarionsly springing up, and 
external resemblanco, is fully justified, if wo sow the conidia in a 
suitable medium, for example, in a solution of sugar. They 
here germinate and produce a mycelium which exactly re- 
sembles that of the Mucor mucedo, and, above all, they pro- 
duce in profusion the typical sporangia of the same on its 
bearers. The latter are till now alone reproductions of conidia^ 
bearers, and have never been observed on mycelia which have 
grown out of conidia. 

These phenomena of development appear in the ^«coi" when 
it dwells on a damp substance, which must naturally contain 
the necessary nourishment for it, and is exposed to the atmo- 
spheric air. Its mycelinm represents at first strong branched 
utricles without partitions ; tbo branches aro of the higher 
order, mostly divided into rich and very fine-pointed ramuli. 
In old mycelium, and also in the aporangia-boarers, the contents 
of which are mostly used for the formation of spores, and 
the sabatratum of which is exhausted for our fungus, short 
stationary pieces, filled with protoplasm, are very often formed 
into cells through partitions in order to produce spores, that 
Is, grow to a now fruitful mycelium. These cells are called 
gemmnles, brooding cells, and resemble such vegetable buds and 
sprouts of foliaoeouB plants wliich remain capable of develop- 
ment after the organs of vegetation are dead, in order to grow, 
under suitable circnmstances, to new vegetating plants, as, for 
example, the bulbs of onions, &c. 

If we bring a vegetating mycelium of Mucor mucedo into a 
medium, which contains the necessary nouriKliment for it, hut 
excluded from the free air, the formation of sporangia takes place 
very sparingly or not at all, bat that of geramules is very abun- 
dant. Single interstitial pieces of the ramuli, or even whole 
systems of branches, are quite filled with a rich greasy proto- 
plasmj the short pieces and ends are bound by partitions which 
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form particular, often t;un-like or globular cells ; the longer ones 
are changed, through the formation of cross partitions, into 
chains of similar cells ; the latter often attain by degrees strong, 
thick walls, and their greasy contents often pass into innumerable 
drops of a very regular globular form and of equal size. Similar 
appearances show themselves after the sowing of spores, which 
are capable of germinating in the medium already described, 
from which the air is excluded. Either short germinating 
utricles shoot forth, which soon form themselves into rows of 
gemmules, or the spores swell to large round bladders filled 
with protoplasm, and shoot forth on various parts of their 
surface innumerable protuberances, which, fixiug themselves 
with a narrow basis, soon become round vesiculate cells, and on 
which the same sprouts which caused their production are re- 
peated, formations which remind us of the fungus of fermenta- 
tion called globular yeast. Among all the known forms of 
gemmules we find a variety which are intermediate, all of which 
show, when brought into a normal condition of development, 
the same proportion, and the same germination, as those we first 
described. 

We have detailed rather at length the structure and develop- 
ment of one of the most common of the Mucors, which will 
serve as an illustration of the order. Other distinctions thero 
may be which are of more interest as defining the limits of 
genera, except such as may be noticed when we come to wnto 
more specially of reproduction. 

AscOMYCETES. — Passing now to the Ascomycetes, which aro 
especially rich in genera and species, we must first, and but super- 
ficially, allude to Tuberacei^ an order of sporidiiferous fungi of 
subterranean habit, and rather peculiar structure.* In this order 
an external stratum of cells forms a kind of perithecium, which 
is more or less developed in different genera. This encloses the 
hymenium, which is sinuous, contorted, and twisted, often forming 
lacunae. The hymenium in some genera consists of elongated, 
nearly cylindrical asci, enclosing a definite number of sporidia ; 
in the true truflBes and their immediate allies, the asci are broad 

* Vittadini, *' Monographia Tuberacearum," 1831. 



58 



Ftmai. 



I 



sacs, coil tail ling very larye and beautiful, often coloured, aporifluu 
These latter liavo cither a smooth, ^Yal■ted, apinulose, or lacuuoHO 
opispore, and, aa will be seen from the tignres in Tulaaae'a 
Slonograph, * or ttosc in the last voliiiiie of Corda'a great work,t 
nro attractive mici'oscopical objects. In some cases, it ia not 
difficult to detect paraphyses, but in others they would aeein to 
be entirely absent. A comparatively largo number have been 
diacovored and recorded -in Great Britain,J but of these none 
are more euitablo for study of general structure than the ordi- 
naiy truffle of the markets. 

The Btructure of the remaining Ascomycetcs can bo studied 
under two groups, i.e., the fleshy Ascoinycetes, or, as they have 
beentermed, the DiscomycctcR,«ndtbe bard, or carbonaceous Aseo- 
mycetes, eometimea called the Pyronumycetes. Neither oFthese 
names gives au accurate idea of the distinctions between the two 
groups, in the foptner of which t!te discoid form ia not nmversal, 
and the latter contains sonie what' fleshy forma. But in the Dis- 
comycetes the hymenium soon becomes more or less exposed, 
and in the latter it is enclosed in a peritheclnm. The Discoray- 
cetea are of two kinds, the pileate and the cup-shaped. Of the 
pileate sach a genua aa O^rorailva op Sehella is, in a certain 
sense, analogous to the Agarics amongst HjjmenomJ/retes, with a 
Boperior instead of an iuferior hymeniiim, and enclosed, not 
naked, spores. Again, Geojloisvm is Gomewhat analogous to 
Clacaria. Amongst the cup-shaped, Fe^ha is an Ascomycetons 
Cj/phella. But the^e are perhaps more fanciful tban real 



IHeoently Doudier has examined one group of the cup-shaped 
Discomycetes, the Ascobolei, and, by making a somewhat free use 
of his Uemoir,5 wo may arriro at agoneral idea of the etrnc- 
lure iu the capalate Discomycetes. They present themselves at 



• Tulosne, "Fungi Hypogvi," 1S51. 
+ Cordn, " Icones Fungoram," toI. li. 
S Bcrkule; >.ml Broome, ia " Ann. «( Nat. Hi^ 
[ |k T3 ; Cooke, in "Seem. Joum. Bat." 

{ Boudiar (R), "Memoire iiir lei Asajbolea," : 
r. »L I. (1369). 
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first under the form of a small lonmled jrlobule and almost 
entirely celluKr This small globiile, the commencement 
of the receptacle, is not long in increasing, preseriing its 
rounded form np to the development of the asti At this 
period, nnder the influence of tlie rapid growth of these organs, 
it soon produces at its summit a fis'iure of the ext(,nial mem- 
brane, which bee mci a more mirted depression in the mar- 
ginate species The recpptaele thus formed incicase? lapidly, 
becomes plane mort, convex o: mote or less undulated at tlie 
margin, if at all of large size Fixed to the place wheie it is 
generated by some more or less abundiut mycelioid filaments the 
receptacle becomes somenhit cup shaped and either stipitate or 
sessile, composed of (be recef hcle proper and the hinieiuum 

The reeepttclL piopet comprehends the siibbjmcn al tissne, 
the parenehj mn an 1 tlic i xti rn d i u ml r..ne 1 he 6ubhj menial 
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tissue is composed of small ciunpaet cells, forming generally 
a more coloured and dense stratum, the superior cells of wliieli 
give rise to the asci and paraphyses- The parenchyma is seated 
beneath this, and is generally of interlaced filaments, of a looser 
cousisteney than the preceding, united by intermediate cellnles 
The external membrane, which envelopes the parenchyma, and 
limits the bymenium, ditfers from the preceding by the cells 
often being poljhedrie, sometimes transverse, and united to- 
gether, and sometinies separable. Externally it is sometimes 
smooth, and sometimes granular or hairy. 
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Tho hymeniam. ia, liowever, the most important part, coa- 
sisting of (1) the paraphyses, (2) the asci, and Hometimea (3) 
an investing mucilago. The asci aro always present, the para- 
physea are sometimes rare, and tho mncilage in many casea 
soemB to ba entirely wanting. 

Tho parapliyscs, wbich are formed at tho first coramoncement 
of the receptacle, are at first very short, but soon eiongnte, and 
become wholly developed before the appearance of the asci. 
Ttiey are lin(:ar, sometimes branched and sometimes simple, 
often more or less thickened at their tips ; almost always they 
contain within them some oleaginous grannies, either coloared or 
colourless. Their special function seems still somewhat obscure, 
and Boudier suggests that they may be excitatory organs for 
the dehiaoenoe of the asci. However this may be, some mycolo- 
gists are of opinion that, at least in some of the Ascomycetes, 
the paraphyscs are abortive asci, or, at any rate, that abortive 
asci mixed with the paraphysea cannot be distingaished from 
them. 

The mncilage forma itself almost at the same time as the 
paraphyses, and previoua to the formation of the asci. This 
substance appears as a colourless or yellowish mncilage, which 
envelopes the paraphyses and asci, and so covers the hymenium 
with a shining coat. 

The asci appear first at the base of the paraptyses, onder the 
form of oblong cells, filled with colourless protoplasm. By rapid 
growth, they soon attain a considerable size and fulness, the 
protoplasm being gradually absorbed by the sporidia, the first 
indication of which ia always the central nucleus. The mucilage 
also partly disappears, and the asci, attaining their maturity, 
become quite distinct, each enclosing its sporidia. But before 
they take their complete growth they detach themselves from 
the subhymenial tissue, and being attenuated towards their base, 
are forced upwards by pressure of the younger asci, to, and in 
Bome instances beyond, the upper surface of the disc. Thia 
phenomenon commences during the night, and continues during 
the night and all the morning. It attains its height at mid-day, 
and it is then that the slightest breath of air, the slightest 



movement, anfficea to canse dehiscence, wbich is generally 
followed by a scarcely perceptible contractile m.otion of the 
receptacle. 

There is manifestly a succession in formation and matnrity of 
the asci in a receptttcle. In the true Ascobolei, in which the 
sporidia are coloured, this may be more dis- 
tinctly seen. At first some thin projecting 
points appear upon the disc, the next day 
they are more nnmerons, and become more 
and more so on following days, so as to 
render the disc almost covered with raised 
black or crystalline points ; ♦ these after- 
wards diminish day by day, until they ulti- 
mately cease. The asci, after separation 
from the subhymenial tissue, continue to 
lengthen, or it may be that their elasticity 
permits of extension during expulsion. 
Boudiei' considers that an amount of elas- 
ticity ia certain, because he has seen an 
ascus arrive at maturity, eject its spores, 
and then make a sharp and considerable 
movement of retraction, then the ascus re- 
turned again immediately towards its pre- 
vious limits, always with a reduction in the 
number of its contained sporidia. 

The dehiscence of the asci takes place in 
the Atcobolei, in some species of Peziza, 
MorcheUa, Helvella, and Verpa, by means 
of ail apical operculum, and in other Pezizie, 
Belotium, Geoglosaum, Leotia, Mitrula, &c., , 
by a fissure of the ascus. This operculum *■ 
may be the more readily seen when the ascu 
drop of tincture of iodine. 

The sporidia are usually four or eight, oi 
that number, in each ascus, rarely four, most commonly eight. 
it a filed time the protoplasm, which at first filled the asci, dis- 
* Onlj in some of tbe Diacomjcetea .ire tlie nsxl exsrited. 
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appears or is absorbud in a mucilagiuous matter, which occupioa 
its place, in the midst of which ia a small nucleus, whiah is tlio 
rudiment of tfie first spore ; other spores are formed consecutively, 
and then the substance separatees into as many sections as there 
are sporidia. From this period each sporidium eeema to have a. 
separate existence. All have a nucleus, which is scarcely visible, 
often slightly granular, but vrhieh is quite distinct from the 
olengiaous sporidiolos bo frequent amongst the Discomycctcs, 
and which are sometimes callod by the same name. Tiie spori- 
dia are at first a little smaller than when mature, and are sup- 
rounded by mucilage. After this period the sporidia lose their 
nebulous granulations, whilst sLill preserving their nucleus ; their 
outlines are distinct, and, amoiigst the trne Ascoholei, commenco 
acquiring a rosy colour, the first intimation of maturity. This 
colour manifests itself rapidly, accumulating exclusively upon 
the epispore, which becomes of a deep rose, then violet, and 
Gnaliy violet blue, so deep as sometimos to appear quite blaok. 
There are some modifications in this coloration, since, in some 
species, it passes from a vinous red to grey, then to black, or 
from rose-violet to brown. 

The epispore acquires a waxy oonsistence by this pigmenta. 
tion, so that it may be detached, in granules. It is to this parti- 
cular consistency of the epispore that the cracks bo frequent in 
the coloured sporidia of Aicololua are due, through contraction 
of the epispore. As they approach maturity, the sporidia accu- 
mulate towards the apex of the asci, and fiually escape iu the 
manner already indicated. 

In all essential particulars there is a great similarity in the 
structure of the other Discomycetes, especially in their reprodno- 
tive system. In most of them coloured sporidia arc rare. In 
some the receptacle ia pileate, clavate, or iafiated, whilst in 
Siielis it is very much reduced, and in the lowest form of all, 
Ascomyeea, it is entirely absent. In the Phaoidiacei, the struo- 
tnre ia very similar to that of the Eleellacel, whilst the Hysle- 
riacei, with greater affinities with the latter, still tend towards 
the Fyrenomi/cctes by the more honiy nature of the roceptaclo. 
and the greater tendency of the hymenium to remain closod, at 
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SPHj;RiAfiBi. — la this gronp there is considerable variation, I 
within certain limits. It contains an immense number ol I 
Bpeciea, and these are doily being augmented, Tha general 1 
feature in all ia the presence of a perithecium, which contains I 
and encloses the hymeninm, and at length opening by a pore I 
or ostiolnm at the apex. lu some the peritheoia are simple, in 1 
.pound ; in some immersed in a stroma, in others J 
ime fleshy or wasy, in others carbonaceous, and i 
ibranaceoDS. But i 
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Rfevence from the Ascomycett 

P-mderation, that the Hymenin 

ciunj consists nsnally of mi 

layer of cellular structure, which is 

either smooth or hairy, usually black- 

^iah, and an internal stratum of less 
compact cells, which give rise to the 
iymenium. 
As in the Diacomyceteg, tlie hyme- 
ninm consists of asci, paraphyses, and mucilage, but tlie whole 
forms a less compact and more gelatinous mass within the peri- 
thecium. The formation and growth of the asci and sporidia 
differ little from what we have described, and when mature the 
asci dehisce, and the sporidia alone are ejected from the oatiolum. 
We are not aware that opercnlata asci have yet been detected, 
t has bean shown in some instances, and suspected in others, 
ttiat certain moulds, formerly classed witli Aliiceiliiies and DemO' 
1, especially in the genus Selminlhofporium, bear the conidia 
f species of Spheeria, so that this may be regarded as one form 
t fruit. 

■ Perithecia, very simOar externally to those of Sphmria, but 
jontaising spores borne on slender pedicels and not enclosed 
i, have had their relations to certain species of Spheeria indi- 
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catiid, and these are no longer regarded so much as species of 

Heiidersoiiia or Diplodia as the pycnidia of Siiharia. Other and' 

more minute perithecia, containing minute, slender stylospores in 

great numters, formerly classed with Apogphwria, Phoma, &o., but 

are now recognized as spermogoniii containing the sperraatia of 

Sphariic. How these influence each other, when and under 

I -Trhat circumstancea the spermatid are instrumental in iinpregna- 

' tion of the sporidia, is still matter of mystery. It is clear, how- 

-, that in all tliese conidia, macroBporea, raicrosporcB, and 

some spermatia, or by whatever names they may be called, there 

' exists a power of germination. Tulasno has indicated in some 

instanceB five or ais forma of frnit as belonging to one fungns, 

of which theiigbest and most perfect condition ia a species of 

Sphagna. 

Pebisforiacei. — Except in the pcrithecia mptoring irregularly, 
and not dehiscing by a pore, some of 
the genera in this group difier little in 
structure from the Spkieriaeei. On the 
other hanfl, the Erysiphei present impor- 
tant andveiy interesting features. They 
occnr chiefly on the green parts of grow- 
ing plants. At first there is a more or 
less profuse white mycelium.* This 
Fia. as.— fsdmiio adwaa. gives rise to cliaina of conidia (pidiuni), 
and afterwards small spTiteroid projections appear at certain 
points on the mycelium, These enlarge, take an orange coloar, 
nltimately passing into brown, and then nearly black. Exter- 
nally these perithecia are usually furnished wilh long, spreading, 
intertwined, or branching apijendages, sometimes beautifully 
branched or hooked at their tips. In the interior of the recep- 
tacles, pear-shaped or ovate aaoi are formed in clusters, attached 
together at tho base, and containing two or more hyaline 
sporidia. Other forms of fruit; have also been observed on 
the same mycelium. In an exotic genus, Meliola, the fulcra, or 
appendages, as well as the mycelium, are black, otherwise it 




*■ Tnluna, "Selactji Fungorum Carpolagis," toI. i. 
i., »ur rfirjMphfi," in "Ann. dea Sci. Kat." (1851), i 
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IS very analogous to such a genus of JErysijpJiei as Microspharia. 
In Chcdtomium^ the perithecia bristle "with rigid, dark-coloured 
hairs, and the sporidia are coloured. Our limits, however, -will 
not permit of further elucidation of the complex and varied 
structure to be found amongst fungi.* 



* Other works besides those already cited, which may be consulted with 
advantage on structure, are— 

Tulasne, L. B. and 0., various articles in '^ Annates des Sciences Naturelles," 
sdrie iii. and iv. 

Hoffmann, "Icones Analyticse Fungorum." 

De Bary, "Der Ascomyceten." Leipzic, 1863. 

Berkeley, M. J., ** Introduction to Cryptogamic Botany." 

Seynes, J. de, "Recherches, &c., des Fistulines." Paris, 1874, 

Winter, G., "Die Deutschen Sordarien." 1874. 

Corda, J., **Prachtflora." Prague, 1840. 

De Bary, ** Uber der Brandpilze." 1853. 

Brefeld, 0., "Botan. Untersuch. ii Schimmelpilze," 

Frescnius, G., " BeitrSge zur Mykologie." 1850. 

Von Tieghem and Le Monnier, in " Annales des Sciences Naturelles*' (1873), 
p. 335. 

Comu, M., "Surles Saprolegni6es," in "Ann. des Sci. Nat." C"* s^r. xv. 

p. 5. 

Janczenski, "Sur TAscobolus furfuraceus,** in "Ann. des Sci. Nat," 5"* 
s^r. XV. p. 200. 

De Bary and "Woronin, "BeitrUge zur Morphologic und Physiologic der Pilze.** 
1870. 

Bonorden, H. F., "Abhandlungenans dem Gebiete der Mykologie.*' 1864. 

Coemans, B., "Spicil^e Mycologique." 1862, etc 




CLABSIFICATIOir 

A. WOEK of this kind coald not bo oonBidered complete witlioiit 
some account of the aystemntic arrmigcmeiit or classiS cation 
wliicli tliese plants receive at the hands of botanists. It would 
hardly avail to enter too minutely iuto details, jet sullicient 
should be attempted to enable tbe reader to comprehend the 
value and relations of tlie diiferent groups into which fungi aro 
divided. Tbe arrangement generally adopted is based upon 
tbe " Systcma Mycologicum " of Fries, as modified to moot the 
requirements of more recent mici-oscopical researcbea by Berkeley 
in his "Introduction,"* and adopted ia Lindley's "Vegetable 
Kingdom." Another arrangement ■waa proposed by Professor 
da 'Bary,j' but it has never mot with general acceptance. 

In the arrangement to which we have aJludcdj all fungi are 
divided into two primary Bcctions, having reference to the mode 
in which the fiTictification ia produced. In one section, the 
, spores (which occupy nearly the same positioji, and perform 
similar functions, to tlio seeds of liigher plants) are naked; that 
is, they are produced on spicules, and are not enclosed in cjsta 
or capsules. This section is called SroiiiFEiiji, or spore-boaring, 
because, by general consent, the term tipore is limited in fungi 
to such gcrm-cella as are not pToduced in cysts. The second 
section is termed Spogidufera, or sporidiit-bearing, because in 
like manner the tei-m sporidia is limited to snch germ-celis as 

' EoT. M. J. Berkelaj, "Introd notion to Crjplogainio Eolanj" (1S57), Lon- 
ilau, pp. 23G to 372. 
f De Bar;, in " Sb^int NomeDdator Fosgoraii]," p. 722. 
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are produced in cells or cysts. These cysts are respectively 
known as sporangia^ and asci or thecm. The true meaning and 
value of these divisions will be better comprehended when we 
have detailed the characters of the families composing these two 
divisions. 

First, then, the section Spoeifera contains four families, in two 
of which a hymenium is present, and in two there is no proper 
hymenium. The term Jiymenium is employed to represent a 
more or less expanded surface, on which the fructification is 
produced, and is, in fact, the fruit-bearing surface. When no 
such surface is present, the fruit is borne on threads, proceeding 
direct from the root-like filaments of the mycelium, or an inter- 
mediate kind of cushion or stroma. The two families in which 
an hymenium is present are called Hymenomycetes and Gastero- 
mycetes. In the former, the hymenium is exposed ; in the latter, it 
is at first enclosed. We must examine each of these separately. 

The common mushroom may be accepted, by way of illustra- 
tion, as a type of the family Hymenomycetes, in which the 
hymenium is exposed, and is, in fact, the most noticeable 
feature in the family from which its name is derived. The 
pileus or cap bears on its under surface radiating plates or gills, 
consisting of the hymenium, over which are thickly scattered 
the basidia, each surmounted by four spicules, and on each 
spicule a spore. When mature, these spores fall freely upon the 
ground beneath, imparting to it the general colour of the spores. 
But it must be observed that the hymenium takes the form of 
gill-plates in only one order of Hymenomycetes, namely, the 
Agaricini; and here, as in CantharelluSy the hymenium is some- 
times spread over prominent veins rath or than gills. Still 
further divergence is manifest in the JPoli/jjorei^ in which order 
the hymenium lines the inner surface of pores or tubes, which 
are normally on the under side of the pileus. Both these orders 
include an immense number of species, the former more or less 
fleshy, the latter more or less tough and leathery. There are 
still other forms and orders in this family, as the Hydnei^ in 
which the hymenium clothes the surface of prickles or spines, 
and the Auricularini, in which the hymenium is entirely or 



almost even. lu the two remaining orders, there ia a still fui'ther 
divergenco from the mushroom form. In the one called Clasariei, 
the entii'e fungus ia either simply cylindrioal or club-ehaped, or 
it is -very muth branched and ramified. Whatever form the 
fungus assames the hymenium cotgis the whole exposed surface. 
la the Ti eiiiellim, a peculiar strncturo prevails, which at first 
seems to agree but little with the preceding. The whole plant 
is gelatinous when fresh, lobod and convolute, often brain-like, 
and varying in size, according to species, from that of a pin's 
head to that of a man's head. Tbreads and aporopborea are 
imbedded in the gelatinous substance,* bo that the fertile threads 
are in reality not compacted into a true 
hymeniam. With this introduction we 
may stat-e that the technical characters 
of the fara.ily are thus expressed : — 

Symeiiium free, mostly naked, or, if 
enclosed at fint, toon exposed; gporea 
nuked, mostly qiiaternafe, on distinet 
gpiculea = H'ymbkomtcetes. 

In this family some mycologists be- 
lieve that fungi attain the highest form 
of development of which they are ca- 
pable, whilst others contend that the 
fi-uctification of the Ascomycetes is more 
perfect, and that some of the noblest species, aach aa the pileate 
forms, are entitled to the first rank. The morel is a familiar 
example. Whatever may bo said on this point-, it is incontro- 
vertible that the noblest and most attractive, as well as the 
largest, forms are clasa;;] under the Hijmetiomncetes. 

In Gasteromycetcs, tliu second family, a tme hymenium is 
alao present, but instead of being exposed it is for a long time 
enclosed in an outer peridium or sac, until the spores are fully 
matured, or the fungus is beginning to decay. The common 
puET-ball (_Lycoperdon) is well known, and will illustrate the 
principal feature of the family. Externally there ia a, tough 
• Tulaene, L. and C. R., " OliservationB snr I'Organiaation ilea TrdmeUin^es," 
"Ann. des Sci. Nat." 1353, lii. p. 193. 
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coat or peridinm, which is at first pale, but ultimately becomes 
brown. Internally is at first a cream-coloured, then greenish, 
cellular mass, consisting of the sinuated hymeniura and young 
spores, which at length, and when the spores are fully matured, 
become brownish and dusty, the hymenium being broken up 
into threads, and the spores become free. In earlier stages, 
and before the hymenium is ruptured, the spores have been 
found to harmonize with those of Hymenomycetes in theit mode 
of production, since basidia are present surmounted each by 
four spicules, and each spicule normally surmounted by a 
spore.* Here is, therefore, a cellular hymenium bearing qua- 
ternary spores, but, instead of being exposed, this hymenium 
is wholly enclosed within an external sac or peridium, which 
is not ruptured until the spores are fully matured, and the 
hymenium is resolved into threads, together forming a pul- 
verulent mass. It must, however, be borne in mind, that in 
only some of the orders composing this family is the hymenium 
thus evanescent, in others being more or less permanent, and 
this has led naturally enough to the recognition of two sub- 
families, in one of which the hymenium is more or less per- 
manent, thus following the Hymenomycetous type ; and in the 
other, the hymenium is evanescent, and the dusty mass of spores 
tends more towards the Coniomycetes, this being characterized 
as the coniospermous (or dusty-spored) sub-family. 

The first sub- family includes, first of aU, the Hypogcei, or sub- 
terranean species. And here again it becomes necessary to re- 
mind the reader that all subterranean fungi are not included in 
this order, inasmuch as some, of which the truffle is an exam- 
ple, are sporidiiferous, developing their sporidia in asci. To 
these allusion must hereafter be made. In the Hypogcei^ the 
hymenium is permanent and convoluted, leaving numerous 
minute irregular cavities, in which the spores are produced on 

* Berkeley, M. J., "On the Fructification of 2Jycoperdon, PhdlluSf and their 
Allied Genera," in "Ann. of Nat. Hist." (1840), voL iv. p. 166; **Ann. dea 
Sci. Nat." (1839), xii. p. 163. Tulasne, L. E. and C, "De la Fructification des 
Scliroderma compar^e 4 celle des Lycoperdon et des Bovistaf** in " Ann. des Sci. 
Nat." 2™« B6r. xviL p. 5. 



sporophores. When speciineiia are very old nnd decaying, the 
interior may become pulverulent or deliquescent. The Btraclure 
of snbternincBn fttngi attracted the attention of Itessrs. Tnlasne, 
and. led to the production of a splendid monograph on the 
snbject.* Another order belonging to thia enb-family ia the 
Phalloidei, in which the Yolva or peiidiura ia raptured whilst 
the plant is still inmiatnre, and the hymenium when mature 
becomes deliquescent, Not only are some menibera of this 
order most singular in appearance, bat they possess an odour 
BO fcetid as to be unapproached in this property by any other 
vegetable prodnction.+ In this order, the inner stratum of the 
inveating Tolva is gelatinous. When still young, and previous 
to the mptnre of the volva, the hymeniam presents sinuons 
cavitiea in wliich the spores are produced on spicules, after the 
manner of Hyvienotni/cetes.X Nidulariacd is a somewhat aber- 
rant order, presenting a peculiar Btractnro. The peridium con- 
sists of two or three coats, and. bna-sts at the apei, either 
irregularly or io a stellate manner, or by the separation of 
a little lid. Within the cavity are contained one or more 
secondary receptacles, which are either free or attached by 
elastic threads to the common receptacle. Ultimately the 
secondary receptaelca are hollow, and spores are prodacod 
in the interior, home on spicules. § The appearance in some 
genera aa of a little bird's-nest containing eggs has famished 
the name to tbe order. 

The second sub-family contains the coniospermoua puff-balls, 
and includes two orders, ia which the most rca43ily distinguish- 
able feature ia the cellular condition of the entire plant, in its 
earlier stages, in the TricJiogattrei, and the gelatinous condition 
of the early state of the Mi/xoffaslres. Both are ultimately 
resolved internally into a dusty mass of threads and spores. 

• Tulaano, L. R. ami a, " Fnngi Hypogroi, " Paris, 1 331 j " ObeervatioDS «u* 
iBGenrQEIaphomjccfi," in "AnQ. des Sui. Not." 1841, iri, 5. 

t ISUipdin in this rcapcot approach most doaelj to the Phalloidei. 

JEetkelej, iii"Aiiti. Not. Hist."voI. i».p. 156. 

§ Tolaane, L. R. andO., "RecherolieB aar I'OjganiEiition et la Mode de Frui> 
ii£ealiond83Hidnlnri6ea," "Ann. deaSci. Not." (1841), i. p, 41. 
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^ In the former, the pei'idiuni is cither single or double, oc- 
casionally borne ou a stem, but usually sessile. In Oeaster, 
tbe " starry puff-ballB," the outer peridiuni divides into 
eeYeral lobes, which fall back in a stellate manner, and expose 
111, like a ball in the centre. In Foli/aaccum, 
the interior is divided into numerous 
I cells, filled with secondary peridia. The 
1 mode of spore- production has already 
Q alluded to in our remarks on Li/eo- 
bn. All the species are large, as 
' compared with those of the following 
sub-family, and one species of Lycoper- 
don attains an enormous size. One 
specimen recorded in the "Gardener's 
Chronicle" was three feet four inches 
3a.-s=!<™(m.iB luigart. Fr. |^ circumference, and weighed nearly 
ten pounda. In the Mi/xiyatires, the early stage has been the 
subject of mnch controversy. The gelatinous condition presents 
phenomena so unlike anything previonaly recorded in plants, 
that one learned professor' did not hesitate to propose their 
exclusion from the vegetable, and recognition in the animal, 
kingdom aa associates of the Gregarines. When mature, the 
spores and threads so much resemble those of the Tricliogaslret, 
and the little plants themselves are so veritably miniature puff- 
bajls, that the theory of their Animal nature did not meet with 
L fi ready acceptance, and is now virtually abandoned. The cha- 
■ Meters of the family we have thas briefly reviewed are tersely 
stated, as— 

Kymenium -more or It'ss permanently concealed, eontUting in 
most cases of closely -f ached cells, of which the fertile ones bear 
. wlkeA spores on dUtinct spieules, exposed only by the rupture or 
^Heeay of the investing coat or peridium = G*STEKOMTCETEa. 

We come now to the second section of the Sporifera, in 
■.irhich no definite hymeninm is present. And here we find 
I ^leo two families, in one of which the dnsty spores are the 
" Aan. des Sci. Nat." V"' eir. li. 
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promiuent feature, and Iicncc termed Coniorai/ceies ; the other, 
in whicli the threads are most noticeable, is Hi/pliomyeetes. 
In the former of these, the reprednctive systeni seoma to pre- 
ponderate ao much over the vegetatiro, that the fungas appears 
to be all spores. The mycelium, is often nearly obsolete, and 
the short pedicels so evanescent, that & maty or aoofy powder 
represents the mature fungus, infesting the green parts of living 
plants. This is more especially true of one or two orders. It 
will be most convenient to recognize two artificial eub-familiea 
for the purpose of illustration, in one of which the species are 
developed on living, and in the other on dead, plants. We will 
commence with the latter, recognizing first those which are 
developed beneath the cuticle, and then those which are super- 
ficial. Of the sub-cuticular, two orders may be named as the 
representatives) of this group in Britain, these are the Sjjh^ro- 
nemei, in which the spores are contained in a more or less perfect 
peritheciam, and the Melanconiei, in which there is maoifeatly 
none. The first of these is analogous to the Sphwriacei of As- 
comi/cetou^ fungi, and probably condsta largely of aperraogonia 
of known species of Spkisria, the relations of which have not 
hitherto been traced. The spores are produced oo slender 
threads springing from the inner wall of the perithecium, and, 
when matnre, are expelled from an orifice at the apex. This is 




the normal condition, to which there are some esceptions. I 
the Melanconiei, there is no true perithecium, but the spores ar 
produced in like manner upon a kind of stroma or cushio 
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formed from the mycelium, and, when mature, are expelled 
through a rupture of the cuticle beneath which they are gene- 
rated, often issuing in long gelatinous tendrils. Here, again; 
the majority of what were formerly regarded as distinct species 
have been found, or suspected, to be forms of higher fungi. The 
Torulacei represent the superficial fungi of this family, and these 
consist of a more or less developed mycelium, which gives rise 
to fertile threads, which, by constriction and division, mature 
into moniliform chains of spores. The species mostly appear 
as blackish velvety patches or stains on the stems of herbaceous 
plants and on old weathered wood. 

Much interest attaches to the other sub-family of GoniomyceteSj 
in which the species are produced for the most part on living 
plants. So much has been discovered during recent years of the 
polymorphism which subsists amongst the species in this section, 
that any detailed classification can only be regarded as pro- 
visional. Hence we shall proceed here upon the supposition 
that we are dealing with autonomous species. In the first place, 
we must recognize a small section in which a kind of cellular 
peridium is present. This is the JEcidiacei, or order of " cluster 
cups." The majority of species are very beautiful objects under 
the microscope ; the peridia are distinctly cellular, and white or 
pallid, produced beneath the cuticle, through which they burst, 
and, rupturing at the apex, in one genus in a stellate manner, 
so that the teeth, becoming reflexed, resemble delicate fringed 
cups, with the orange, golden, brown, or whitish spores or 
pseudospores nestling in the interior.* These pseudospores 
are at first produced in chains, but ultimately separate. In 
many cases these cups are either accompanied or preceded by 
spermogonia. In two other orders there is no peridium. In 
the Caamacei, the pseudospores are more or less globose or 
ovate, sometimes laterally compressed and simple; and in 
Pucciniai, they are elongated, often subfusiform and septate. 
In both, the pseudospores are produced in tufts or clusters 
direct from the mycelium. The Cceomacei might again be sub- 

♦ Corda, **Icoiies Fungorura," vol. iii. fig. 45. 




FDNOI. 

i divided into Vstilagiaes * and UreiUiies.f In the former, the 
■ paeudosporea are mostly dingy brown or lilackiHli, and in the 
tatter more brightly coloured, oftoa yellowish. The Uttilaghies 
moln.de the emnta and bnnt of corn-plants, the Uredinet 
include the red rusta of wheat and grasses. In some of the 
Bpecies included in the latter, two forms of fruit are found. 
In Melampgora, the summer pseudospores are yellow, globose, 
and were formerly classed as a species of Lecytkea, whilst 
the winter pseud oapores are brownish, elongated, wedge- 
shaped by compression, and compact. The Fucciniwii dili'er 
primarily in the septate pseudoBporea, which in one genus 
(^Puecinia) are uniseptate ; iu Triphragmium, they are biseptate ; 
in PhTaijmidium, inultiseptate ; and in XenodocUus, monihform, 
treating ap into distinct articulations. It is probable that, in 
all of these, as is known to be the caae in most, the septate 
paeudospores are preceded or accompanied by simple pseudo- 
fipores, to which they are mysterioualy related. There is etill 
another, somewhat singular, group usually associated with the 
Fuccinitei, in which the septate pseudospores are immerBed in 
gelatin, so that in many features the species secni to approach 
the TremelUni. This group includes two or three genera, the 
type of which will be found in PodisoTna.% These fungi are 
paraaitic on living junipers in Britain and North America, 
appearing year after year upon the same gouty swellings of the 
Iwunchea, in clavate or hom-shaped gelatinous processes of a 
yellowish or orange colour. Anomalous as it may at first sight 
appear to include these tremelloid forms with the dust-like fungi, 
their relations will on closer esamination be moi'e folly appi'e- 

. dated, when the form of pseudospores, mode of germination, and 

I other features are taken into consideration, especially when 
compared with I'odisoma JUllmi, already alluded to. This family 
is technically characteriaed as, — 

• Tulaana, "MSmoire aar tea TJatilsjjintes," "Ann. dee Sd, Nat." (1317), »li. 
12-73. 

t Tularae, " Mfmoire mr les Orfdin^as," "Ann. da Sei. Rut." (1854), ii. 78. 

t Tutaaie, "Surles irr6din6ea," "Ann. doa Sci Nat." 18Ei, ii. pi. 9. 

I Cooke, M. a,"NotflaonJ'Ddi!omo,"m"Joarn. Qnet. Mior. Club," No. 17 

^(1S71), p. 3SS. 
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Distinct Jiymenium none. JPseudospores either solitary or con' 
catenate f produced on the tips of generally short threads^ which 
are either naked or contained in a perithecium, rarely compacted 
into a yelatinotis mass, at length producing minute spores =ComO' 

MTCETES. 

The last family of the sporifera is Hyphomycetes, in which the 
threads are conspicuously developed. These are what are more 
commonly called "moulds," including some of the most elegant 
and delicate of microscopic forms. It is true of many of these, 
as well as of the Coniomycetes, that they are only conidial forms 
of higher fungi ; but there will remain a very large number of 
species which, as far as present knowledge extends, must be ac- 
cepted as autonomous. In this family, we may again recognize 
three subdivisions, in one of which the threads are more or less 
compacted into a common stem, in another the threads are free, 
and in the third the threads can scarcely be distinguished from 
the mycelium. It is this latter group which unites the Hypho- 
mycetes with the Coniomycetes, the afl&nities being increased by the 
great profusion with which the spores are developed. The first 
group, in which the fertile threads are united so as to form a 
compound stem, consists of two small orders, the Isariacei and the 
Stilhacei, in the former of which the spores are dry, and in the 
latter somewhat gelatinous. Many of the species closely imitate 
forms met with in the JETymenomycetes, such as Clavai^ia ; and, 
in the genus Isaria, it is almost beyond doubt that the species 
found on dead insects, moths, spiders, flies, ants, &c., are merely 
the conidiophores of species of Torrulia.* 

The second group is by far the largest, most typical, and 
attractive in this family. It contains the black moulds and 
white moulds, technically known as the Dematiei and the 
Mucedines, In the first, the threads are more or less corticated, 
that is, the stem has a distinct investing membrane, which peels 
off like a bark ; and the threads, often also the spores, are dark- 
coloured, as if charred or scorched. In many cases, the spores 
are highly developed, large, multiseptate, and nucleate, and sel- 

* Tulasne, L. R. and C, **SeIecta Fungorura Carpologia," vol. ill. pp. 4-19. 



dom are spores and threads colourlosB or of bright tinta. In 
the Mucedinea, on the contrary, tlie threads are never coated, 
seldom dingy, mostly whit« or of pnro colonra, and the spores 
have less a tendency to extra development or multiplex aepta- 
tion. In Home genera, as in Peronoapora for instance,* » 
secondary frnit ia produced in the form of 
resting spores from the mycelium; and 
these generate zoospores as well as the 
primary spores, similar to those common 
in Algce. This latter genns is very do- 
strnctive to growing plants, one species 
being the chief agent in the potato disease, 
and another no less deatrnctive to crops of 
ouions. The vine disease ia produced by a 
Fio. «.-Mnpn/onijca spocios of Oidium, which is also claaacd 
euniiitiiM. ^^;j_jj Mucedineg, but which ia really the 

conidiiferous form of Eri/aiphe. In other genera, the majority 
of species are developed on decaying plants, so that, with the 
exception of the two genera mentioned, the Sypkomyeeles exert 
a much leas baneful influence on vegetation than the Conio- 
myceles. The last section, including the Sepedoniei, has been 
already cited as remarkable for the suppression of the threads, 
which are scarcely to be diatingniahed from the mycelinm ; the 
spores are profuse, nestling on the floccose mycelium ; whilst 
in the Trichodermaeei, the spores are invested by the threads, as 
if enclosed in a sort of falae peridinm, A summary of the 
characters of the family may therefore be thua briefly ex- 




Filamentoue ; fertile threada naked, for iJie most pait fiee or 
ioosely compaoted, simple or branched, hearing the epotes at their 
apicee, rarely more cloaelr/ packed, go as to form a dislmct common 
ai-em = Htpbomtcetes. 

Having thus disposed of the Sporifera, we must advert 
to the two familiea of Sporidiifera. As more closely related 
to the Kyphomycefeg, the first of these to be noticed is the 
"ReehBrchBs snrlea ChampignonB ParHiites," in "Ann dp? 



B<a, Mat." V" ait. j 



" Qrovillea," vol. i 



CLASSIFICATION. 75 

IPJiysomyceteSy in which there is no proper hymenium, and the 
threads proceeding from the mycelium bear vesicles contain- 
ing an indefinite number of sporidia. The fertile threads are 
either free or only slightly felted. In the order Antennariei, the 
threads are black and moniliform, more or less felted, bearing 
irregular sporangia. A common fungus named Zasmidium 
cellarej found in cellars, and incrusting old wine bottles, as 
with a blackened felt, belongs to this order. The larger and 
more highly-developed order, Mucorini, differs in the threads, 
which are simple or branched, being free, 
erect, and bearing the sporangia at the tips 
of the thread, or branches. Some of the 
species bear great external resemblance to 
Mucedines until the fruit is examined, when 
the finictifying heads, commonly globose or 
ovate, are found to be delicate transparent 
vesicles, enclosing a large number of minute 
sporidia ; when mature, the sporangia burst 
and the sporidia are set free. In some spe- 
cies, it has long been known that a sort of ^'°- ^-'"'^^'or canines. 

conjugation takes place between opposite threads, which results 
in the formation of a sporangium.* None of these species are 
destructive to vegetation, appearing only npon decaying, and 
not upon living, plants. A state approaching putrescence seems 
to be essential to their vigorous development. The following 
characters may be compared with those of the family pre- 
ceding it : — 

Filamentous, threads free or only slightly felted, hearing vesicles^ 
which contain indefinite 55omt?/a=PHYSOMYCETES. 

In the last family, the Ascomycetes, we shall meet with a 
very great variety of forms, all agreeing in producing sporidia 
contained in certain cells called asci, which are produced from 
the hymenium. In some of these, the asci are evanescent, 
but in the greater number are permanent. In Onygenei, the 
receptacle is either club-shaped or somewhat globose, and the 

* A. de Bary, translated in "Grevillea," vol. i. p. 167 ; Tulasne, "Ann. des« 
Sci. Nat." 6°»« s^r. (1866), p. 211. 
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peridium is filled with branched threads, whiuL produce asei of a 
very evanascent character, leaving the pulverulent sporidia to 
fill the centra! cavity. The specieu are tdl small, and singularfor 
their habit of affecting animaJ substances, otherwise they are 
of littio importance. The PefUporiaoe'i, on the other hand, are 
very destructive of vegetation, being produced, ia the majority 
of cases, on the green parts of growing plants. To ibis order 
the hop mildew, rose mildew, and pea mildew belong. The 
mycelium is often very much developed, and in the case of the 
maple, pea, hop, and some others, it covers the parts attacked 
witb a thiek white coating, so that from a distance the leaves 
appear to have been whitewasLed. Seated on the mycelium, at 
the first as little orange pointa, are the peritheeia, which enlarge 
and become nearly Wiick. In some species, very elegant whitish 
appendages radiate from the sides of the peritbecin, the variu- 
tions in which aid in the discrimination of species. The peritheoia 
contain pear-shaped asci, whicli spring Ironi the base and enclose 
a defijiite number of sporidia-* The a&ci themselves are soon 
dissolved. Simultaneously with the development of sporidia, 
other reproductive bodies are produced direct from the mycelium, 
and in some species as many as five different kinds of reprodno- 
tive bodies have been traced. The features to be remembered in 
Perigporiacei, as forming the basis of their classification, are, that 
the asci arc Baccate, springing from the base of the perithecin, 
and are soon absorbed. Also that the perithecia themselves are 
not perforated at the apex. 

The four remaining orders, though large, can be easily charac- 
terized. In Tuberacei, all the species are subterranean, and the 
hymenium is mostly sinuated. In JElvellacei, the substance is 
more or less fleshy, and the hymenium is exposed. In Phaei- 
diacei, the substance is hard or leathery, and the hymenium is 
soon exposed. And ia Sphmriacei, although the substance is 
variable, the hymenium is never exposed, being enclosed in 
perithecia with a distinct opening at the apex, through which 
the mature spores escape. Each of these four orders must be 

. • LSreillfi, J. H., " Organiaation, &c., da rfirysiplifi," in "Add. dea Soi. 
Nat." (1851), IV. p. 100. 
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examined more in detail. The Tu^jeraeei, or subteiTanenn 
Ascomycetes, ore analogous to the Mypogwi of the Gastermnycete.s. 
The ti-aille is a familiar and bigbly prized example. There is a 
kind of onter peridium, and the interior consists of a flcaliy 
bjmeniam, more or leas convoluted, aomotiinea sinnona and con- 
8uent, BO aa to leave only minute elongated and irregular cavi- 
ties, and sometimes none at all, the two opposing faces of the 
hymensnm meeting and coalescing.* Certain privileged cella 
of the hymeniom swell, ajid uitimiitely become asci, enclosing a 
dofiaito number of sporidia. The sporidia in many cases are 
largo, reticulated, ecfainulate or vetrucose, and mostly somewhat 
globose. In the genus Elap7iomyces, the aeci are more than 
commonly difflnent. 

The ElveUacei are flealiy in snbatance, or somewhat waxy, 
sometjmes tremelloid. There is no peridium, but the hymcniam 
ia always exposed. There is a great variety of forms, some 
being pileato, and others cap-shaped, aa there ia also a great 
variation in size, from the minute Peziza, small as a grain of 
sand, to the large Hcluella ffitfas, which equals in dimen- 
sions the head of a child. In the pileate forms, the stroma 
is fleshy and highly developed ; in the cup-shaped, it 
reduced to the external cells of the cop which enclose the 
hymenlum. The hymeuium itself consists of elongated fertile 
cells, or asci, mixed with linear thread-like barren cells, called 
parapbyses, which arc regarded by aomo authors as barren asci. 
These are placed side by side in juxtaposition with the apex 
outwards. Each ascua contains b definite number of sporidia, 
which are sometimes coloured. When mature, the asci explode 
above, and the sporidia may be seen escaping like a miniature 
cloud of smoke in the light of the mid-day aun. The disc or 
surface of the hymeninm is often brightly coloured in the genus 
Pesisa; tints of orange, red, and brown having the predominance. 

In Phacidiaeei, the substance is hard and leathery, intermediate 
between the fleahy Elvellacei and the more horny of the Spkte- 
riacei. The perithecia are either orbicular or elongated, and the 



Tulasne, L E. ttml C, " Fu 
Lfiapbia Taberaceuum," Milan, ] 



i Hjpo£o;i," Paris ; Tilladiii 



I 
I 
I 



hymeiiium aooo becomes exposed. In some instances, there is 
a cloae afBaity with the EheUacei, the exposed hymeninia being 
eimilar in Eti-ncture, but in all the ditjc is at first closed. In 
orbicular forms, the fissure takes place in a stellate manner from 
the centre, and the teeth are reflexed. In the Hysleriacei, where 
the perithecia are elongated, the fissure takes place throughout 
their length. As a role, the sporidia are more elongated, more 
commonly septate, and more usually coloared, than in Slvellacei. 
Only a few solitary instances occur of individual species that 
are parasitic on living plants. 

In the Sphieriaeri, the enbatance of the stroma (when pre- 
nt) and of the perithecia is vari- 
able, being between fleshy and waxy 
a ^ectriei, and tough, horny, some- 
times brittle, in Hypoxylon. A peri, 
thecinm, or cell excavated in the 
stixima which fulfils the functions of 
a perithecium, is always present. 
The hymenium lines the inner walls 
of the perithecium, and forms a gela- 
tinous nuclens, consisting of asci and 
paraphyses. When fully matnie, the asci are ruptured and the 
sporidla escape by a pore which occupies the apex of the peri- 
thecium. Sometimes the perithecia are solitary or scattered, and 
sometimes grcgarions, whilst in other instances they are closely 
aggregated and immersed in a stroma of variable size and form, 
Conidia, spermatia, pycnidia, &c., have been traced to and asso- 
ciated with some species, but the history of others is still obscure. 
Many of the coniomycetous fornas grouped under the Sph/Eronemel 
are probably conditions of the Sph<sriacei, as are also the Melan- 
coniei, and some of the Syphomyceteg. A very common fungus, 
for instance, which is abundant on sticks and twigs, forming 
rosy or reddish pustules the size of a millet seed, formerly 
named Tubercularia vulgaris, is known to be the conidia-hearing 
stroma of the sphmriaceous fungus, Nectria cinnalarina ; * and so 
• " A Cnrrant Twig aud SomelLiDg on it," in "Qardcnet's Chronicle " for 
Januarj 28, 1871. 
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with many others. The following are the technical chai'acters 
of the family : — 

Fruit consist in ff of sporidia, mostly definite^ contained i« asci^ 
springing from a naked or enclosed stratum of fructift/inj celU 
and forming a hymenium or nucleus = Ascomycetes. 

If the characters of the different families are borne in mind, 
there will be but little difficulty in assigning any fungus to the 
order to which it belongs by means of the foregoing remarks. 
For more minute information, and for analytical tables of tho 
families, orders, and genera, we must refer the student to some 
special systematic work, which will present fewer difficulties, if 
he keeps in mind the distinctive features of the families.* 

To assist in this we have given on the following page an 
analytical arrangement of the families and orders, according 
to the system recognized and adopted in the present volume. 
It is, in all essential particulars, the method adopted in our 
** Handbook," based on that of Berkeley's " Introduction " and 
« Outlines." 

* Berkeley, M. J., "Introduction to Cryptogamic Botany,'* London, 1857 ; 
Cooke, M. C, "Handbook of British Fungi," London, 1S71 ; Corda, A. C. J., 
"Anleitang znm Stadium der Mycologie," Prag, 1842; Kickx, J., ** Flore 
Cryptogamique dea Flanders,** Gand, 1867 ; Fries, E., ** Systema Mycologicum,'* 
Lund, 1830; Fries, E., "Summa Vegetabilium Scan dina viae,** 1846; Secretan, 
L., "Mycographie Suisse," Genera, 1833; Berkeley, M. J., "Outlines of 
British Fnngology,** London, 1860. 
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TABULAR ARRANGEMENT OF FAMILIES AND 

ORDERS. 



Division I. 



SrORIFERA. 



I. Hymenium free, mostly naked, or soon exposed • 

Hymenium normally inferior — 

Fruit-bearing surface lamellose . • 

Fruit-bearing surface porous or tubular . 
Fruit-bearing surface clothed with prickles 
Fruit-bearing surface even or rugose , • • 

Hymenium superior or encircling — 

Clavate, or branched, rarely lobed , • • 
Lobed, convolute, or disc-like, gelatinous . • 

II. Hymenium enclosed in a peiidium, ruptured when mature 
Hymenomycetous — 

Subterranean, naked or enclosed . , . 
Terrestrial, hymenium deliquescent . 
Peridium enclosing sporangia, containing spores 
Goniospermous — 

Stipitate, hymenium convolute, drying into a 

dusty mass, enclosed in a volva . 
Cellular at first, hymenium drying up into a 

dusty mass of threads and spores 
Gelatinous at first, peridium containing at length 
a dusty mass of threads and spores 

III. Spores naked, mostly terminal, on inconspicuous threads, 
free or enclosed in a perithecium . • . 

Growing on dead or dying plants — 
Subcutaneous — 

Perithecium more or less distinct • • 
Perithecium obsolete or wanting • • 
Superficial — 

Fructifying surface naked. 

Spores compound or tomiparous • • 
Parasitic on living plants — 

Peridium distinctly cellular . . • • 
Peridium none — 

Spores sub-globose, simple or deciduous 
Spores mostly oblong, usually septate • 



Spores naked, 

• Htmsnomtoeteb. 

• Agaricini, 

• Polyporei, 

• Hydnei, 

• Auricularini, 



Clavariei, 
Tremellini. 

GaSTEROMY '»'»^3. 

Ilypogcei. 

Phalloidei. 

Nidulariacei 



Podaxinei, 

Trichogaatres. 

Myxogastres. 

CONIOMYOSTSS. 



SphcBronemeU 
Melanconiei. 



Torulacii, 

jEcidiacci. 

Cicomacei. 
Puccinicci, 
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IV". Spores naked, on conspicuous threads, rarely compacted, 

small 

Fertile tlireads compacted, sometimes cellular — 
Stem or stroma compound — 

Spores dry, volatile 

Mass of spores moist, diffluent • • • 
Fertile threads, free or anastomosing — 
Fertile threads dark, carbonized— 

Spores mostly compound • , • . 
Fertile threads not carbonized— 
Very distinct — 

Spores mostly simple . » • . 
Scarcely distinct from mycelium— 

Spores profuse • • • • • 



Htphomyoetes. 



Isa/riacei, 
StiUxiceL 



Demattei. 

Afucedmes, 
Se^pedonieL 



Division II. 



SPOEIDIIFERA. 



Sjporidia in A set. 



V. Fertile cells seated on threads, not compacted into a 

hymenium Phtsomtobtes. 

Threads felted, moniliform-i- 

Sporangia irregular . • . . . • Antennariei. 
Threads free — 

Sporangia terminal or lateral • • • • Miiconm, 
Aquatic ...••••• Saprolegnid, 



VI. Asci formed from the fertile cells of a hymeniam • 
Asci often evanescent — 
Receptacle clavaeform — 

Asci springing from threads • • • 
Perithecia free — 

Asci springing from the base • • « 
Asci persistent — 

Perithecia opening by a distinot ostiolum . 
Hard or coriaceous, hymeniam at length exposed 
Ilypogseous; hymenium complicated. 
Fleshy, waxy, or tremelloid; hymenium mostly 
exposed 



AsOOMTOBTEa. 

Onygend, 

Perisporiacei, 

Sphceriacd. 

Phacidiacei, 

Tuberacei. 

Elvcllacei, 




OSES. 

The rigid ntilitarian will hardly be Batiafied with the short 
catalogue which can be furnished of the usea of fongi. Except- 
ing those which are employed more or less for human food, very 
few are of any practical value in arts or modicine. It is tmo 
that imperfect conditions of fang! esert a very important iuflii- 
ence on fermentation, and thus heconio useful ; hut, unfortu- 
nately, fnngi have the reputation of heing laoro destractive and 
offensive than valuable or useful. Notwithstanding that a large 
number of species bave from time to time been enumerated as 
edible, yet those commonly employed and recognized are very 
few in number, prejudice in many casos, and fear ia others, mili- 
tating strongly against additions to the number. In Great 
Brilain this is especially the case, and however advisable it may 
be to exercise great care and caution in experimenting on untried 
or doubtful species, it can only be regarded as prejudice which 
prevents good, in fact, escellent, esculent species being more 
extensively used, instead of allowing them to rot by thousands 
on the spots where they have grown. Poisonous species are 
also plentiful, and no golden rule can be established by moans 
of which any one may detect at a f;lance good from bad, 
without that kind of knowledge which ia applied to the dis- 
crimination of species. Yet, after all, the characters of half 
a dozen good esculent fungi are acquired as easily as the 
distinctions between half a dozen birds such as any ploughboy 
can discriminate. 

The common mushroom (^Agaricits canijirs(ris) is the best 
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esculent, whether in its ancnltLvated or in a cultiTatod 
itatc. In Britain many tbonsands of people, notably tbe lower 
ivil] not recognize any otlier ag fit for food, wliilat in 
I'taly tbe same classes have a strong prejudice against this very 
,«pecie9.* In Vienna, we found by pei'sonal experience that, 
although many others are eaten, it is tbis which has the most 
Tiniversal pi-eference, yet it appears but sparingly in the markets 
as compared with others. In Hungary it does not enjoy by 
any means so good a reputation. In France and in Oe^m^ny 
it ia a common article of consumption. The different varieties 
found, as the results of cultivation, present some variation in 
colour, scaliness of pilens, and other minor features, whilst 
remaining true to the constituent characters of the epeciea. 
Although jt is not our intention to ennmerato here the botanical 
distinctions of the species to which we may call attantion, yet, 
as miatakea (sometimes fatal) are often being recorded, in which 
other fiingi are confounded with this, we may be permitted a 
hint or two which should bo remembered. The spores are 
pnrple, the gills are at first delicate pink, afterwa«ls purple ; 
there ia a permanent ring or collar round the stem, and it must 
not he songht in woods. Many accidents might have been 
Spared had these facts been remembered. 

The meadow mushroom (_Agaricui arvensis) is commoii in 
meadows and lowland pastures, and is nsually of a largersize 
than the preceding, with which it agrees in many particulars, 
and is sent in enormous quantities to Covent Garden, where it 
fcequently predominates over Agaricus campestris. Some persons 
prefer this, which has a stronger flavonr, to the ordinary mush- 
room, and it ia the species most commonly sold in the autumn 
in the sti-eets of Loudon and provincial towns. According to 
Persoon, it is preferred in France ; and, in Hungary, it is con- 
sidered as a special gift from St. George. It has acquired in 
England the name of horse mushroom, from the enormons size 

* Badham, Dr. 0. D., "A Treatise on tha Escalent FunguBoa ot England," 
lat edition (1847). p. 81, pi. 1 ; 2nd edition, edited hj F. Cnrrey, M.A. 
(1883), p. 94, pi. 4; Oooke, M. C, "A Plain and Easy Account ol Britidi 
Fungi," latsdilion 0882), p. 44 
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it aomeHmes attaioa. Withering mentions a Bpeeitoen thad 
weighed fourteen ponada.* ' 

One of the commonest (in onr experience the most common) 
of all edible fungi in tlie pnblio markets of Vienna is the 
Halliraasche (^Agaricus melleus), which in England enjoys no 
good reputation for flavour or quahty ; indeed, Dr. Badham 
calls it "nnuBeona and disagreeable," and adds that "not to 
bo poisonous is its only recommendataon." In Vienna it is 
employed chiefly for making sauce ; but we must confess that 
even in this way, and witli a prejudice in favour of Viennese 
cookery, our experience of it was not satiefactory. It is at 
best a Sony substitute for the mushroom. In the summer and 
autumn this is a very common species in large tufts on old 
stumps. In similar locaHties, and also in tufts, but neither so 
large, nor so common, Agaricua fuupes is found. It is prefer- 
able to the foregoing as an eEcnlent, and is easily recognized by 
the spindle-shaped stem. 

Agaricua ruhesceiu. P., belongs to a very saspiciona group o£ 
fungi, in which the cap or pilens is commonly studded or 
sprinkled with paler warts, the remains of an investing volva. 
To this group the poisonous but splendid fly-agaric (Agaricus 
mmcarius) belongs. Notwithstanding its bad company, this 
agaric has a good reputation, especially for making ketchup ; 
and Cordier reports it as one of the most delicate mushrooma 
of the Lorraine. t Its name is derived from its tendency to 
become red when bruised. 

The white variety of an allied species (^Agaricus vaginatva) 
lias been commended, and Dr. Badham says that it will be (bund 
inferior to but few agarics in flavour. 

A Bcaly-capped fungns (Agaricua procerus), with a slender 
st«m, called sometimeB the parasol mushroom, from its habit, is 
an esteemed esculent. In Italy and France it ie in high request, 

■ Mr, 'Worthington Smith ha," pnblisTied, on two sdecla, coloiirad figures of the 
most common esculent and poiaonons fungi (Londan, Bardwicke), wliich vil! be 
found more aecful than mere daactiptioD in the discimination of the speoies. 

f Boques, J., " Hiat. des Champignon* CoineBtiblea et T^n^neux," Fum 
1S33), p. 130. 
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and is included in the majority of continental works on the 
edible fungi.* In Austria, Germany, and Spain, it has special 
" vulgar " names, and is eaten in all these countries. It is 
much more collected in England than formerly, but deserves 
to be still better known. When once seen it can scarcely be 
confounded with any other British species, save one of its 
nearest allies, which partakes of its own good qualities (^Agaricus 
rachodes), though not quite so good. 

Agaricus prunulus, Scop., and Agaricus orcella, Badh., if they 
be not forms of the same species (which Dr. Bull contends that 
they are notf), have also a good reputation as esculents. They 
are both neat, white agarics, with a mealy odour, growing 
respectively in woods and open glades. Agaricus nehularis, 
Batscb, is a much larger species, found in woods, often in large 
gregarious patches amongst dead leaves, with a smoky mouse- 
coloured pileus, and profuse white spores. It is sometimes as 
much as five or six inches in diameter, with rather a faint odour 
and mild taste. On the continent, as well as in Britain, this is 
included amongst edible fungi. Still larger and more imposing 
is the magnificent white species, Agaricus maximus, Fr.,I which 
is figured by Sowerby,§ under the name of Agaricus giganteus. 
It will attain a diameter of fourteen inches, with a stem two 
inches thick, and rather a strong odour. 

A spring fungus, the true St. George's mushroom, Agaricus 
gamhosuSj Fr., makes its appearance in pastures, usually growing 
in rings, in May and June, and is welcome to mycophagists from 
its early growth, when esculent species are rare. It is highly 
esteemed in France and Italy, so that when dried it will realize 
as much as from twelve to fifteen shillings per pound. Guil- 
larmod includes it amongst Swiss esculents. || Professor Buck- 

* Jjenz, Dr. H. 0., **Die Niitzlichen und Schiidlichen Schwamme,** Gotha 
(1831), p. 32, pi. 2. 

+ Bull, H. G., in "Transactions of Woolhope Club" (1869). Fries admits 
them as distinct species in the newedition of his " Epicrisis." 

$ Hussey*s " Illustrations of Mycology," ser. i. pi. 79. 

§ Sowerby's "British Fungi," pi. 244. 

II Favre-Goillarmod, ** Les Champignons Comestibles du Canton de Neuoli ibel '* 
(1861), p. 27. 

5 



»an says tbat it is one ot tlio earliest and best of Englisli n 
room?, and others have endorsed his opinions, and Dr. Badhatn' ' 
in writing of it obaervea, that small baskets of them, when they 
first appear in the spring in. Italy, are sent as " prcscntfi to 
lawyers and fees to medical men." 

The closely allied species, Agaricus alhellus,* D.C., has also 
tlio reputation of being edible, but it ia so rare in England that 
this quality cannot be put to the tost. The carions short- stemmed 
^Igarieui hrevipes, Bull.t has a similar repntation. 

Two singularly fragrant species are also included amongst the 
esculent. These are Agaricus fragrangy Sow., and Agarieui 
odomg, BuH. Both have a sweet anise-lite odour, which is per- 
sistent for along time. Tlieformerispaletawny-colourcd, nearly 
white, the latter of a dirty paJo green. Both are white-spored, 
and although somewhat local, sufficient specimens of Ag. odorus 
may be collected in the autumn for domestic use. We have the 
assnrauce of one who has often proved tbom that they constitute 
an exquisite dish. 

A clear ivory-white fungus, Agarieus dealbalus, of which a 
crisped variety is occasionally found in great nunibers, springing 
up on ohl mushroom beds in dense clusters, is very good eating, 
but rather deficient in the delicate aroma of some other species. 
The typical form is not uncommon on the ground in fir planta- 
tions. A more robust and larger specioB, Agarieus geolrapts. 
Bull, found on tho borders of woods, often forming rings, both 
in this country and in the United States, as well as on the conti- 
nent of Europe, is recognized as esculent. 

We may add to these three or four other species, in which the 
stem, ia lateral, and sometimes nearly obsolete. The largest and 
moat common is tlio oyster mushroora (^Agarieus ostreatus, 
Jacq.^), BO universally eaten, ihat it is included in almost every 
list and book on edible fungi ; it ia the most common species in 



• Somtcbj, "Engliali Fiinji," pL 122; 
<lS6e), t. 40, f. 4S. 

+ KloUch, "Flora Bornsaiea," t. 374 
(1889), t. 9fi, f. 1-4. 

t Krombboli, " Abbildangsa cler SeliwB 
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Transylvania, tons of it sometimes appearing in the markets. It 
does not possess that delicate flavour which is found in many- 
species, and although extolled by some beyond its merits, it is 
nevertheless perfectly wholesome, and, when young and care- 
fally cooked, not to be despised. It must not be confounded 
with a very similar species (^Agaricus euosmus, B.), with rosy 
spores, which is unpleasant. Agaricus tessellatus^ Bull, Agaricus 
pometi, Fr., Agaricus glandulosus, Ball, are all allies of the fore- 
going, and recorded as edible in the United States, although not 
one of the three has hitherto been recorded as occurring in Great 
Britain. To these may also be added the following i^-Agaricus 
salignus,* Fr., which is rare in England, but not uncommon 
abroad and in the United States. In Austria it is commonly 
eaten. Agaricus ulmaritis,f Bull, is common on elm trunks, not 
only in Britain but also in North America, and is by some 
preferred to the oyster mushroom. An allied species, Agaricus 
fossulatus, Cooke, J is found on the Cabul Hills, where it is col- 
lected, dried, and forms an article of commerce with the plains. 
Another, but smaller species, is dried in the air on strings passed 
through a hole in the short stem {Agaricus suhocreatus, Cooke), 
and sent, it is believed, from China to Singapore. 

The smallest species with which we have any acquaintance, 
that is edible, is the "nail fungus" (^Agaricus esculentusj^ Jacq.), 
scarcely exceeding one inch in diameter of the pileus, with a 
thin rooting stem. The taste in British specimens when raw is 
bitter and unpleasant, but it is clearly eaten in Austria, as its 
name testifies, and elsewhere in Europe. It is found in fir plan- 
tations in the spring, at which season it is collected from the fir 
woods around and sent to Vienna, where it is only used for 
flavouring sauces under the name of " Nagelschwamme." 

Before quitting the group of true agarics, to which all 
hitherto enumerated belong, we must mention a few others of 
less importance, but which are included amongst those good for 

* Tratinnick, L., ** Fungi Austriaci," p. 47, pi. 4, f. 8. 

+ Vittadini, ** Fungi Mangerecci," pi. 23. 

t Cooke, in "Journal of Botany,** vol. viii. p. 352. 

§ Cooke, M. C, "A Plain and Easy Guide,*' &c., p. 38, pi. 6, fig. 1. 



food. Foromost of fclieae is a really splendid orange spec* 
(Agaricu* ctesariut, Scop.*), \pbich beloaga to tlie same subgenuS 
aa the verj deleterious fly-agaric, and tLe scarcely lesa fatal 
Affarieus vernm, Ball. It is nniveraally eaten on tlio continent, 
but has hitherto never been found in Great Britain, In the 
same subgenus, Agaricus strohiliformis,^ Fr., which ia rare in this 
conatry, and probably also A^aricua Cee'dim, B. & Br,J Besides 
theae, Agaricwa exaoriatua, Schteff., Agarioua mattoiJeiig, Pr., 
Agariout gracilenius, Eromb., and Agaricus holoserieeug, Fp.,§ 
all belonging to the same aabgenns as the parasol mushroom, 
more or lesa uncommon in England. 

Although the larger number of esculent agai-ica ave white- 
sporcd, some few, worthy of note, will be found in the other 
sections, and notably amongst these the eommoa mushroom and 
its congener the meadow, or horse mushroom. In addition to 
those already enumerated, might be included also the Affaricug 
•pudictis. Ball, which is certainly wholesome, as well aa its ally, 
Agarieut leockromwg, Cooke, || both of which have rnaty spores. 

The late Dr. Curtis,ir in a letter to the Rev. M. J. Berkeley, 
enumerates several of the fungi which are edible amongst those 
found in the United States. Of these, he says, Agaricus amyg- 
ialinus. Curt., can scarcely be distinguished when cooked from 
the common mushroom, Agaricus frameniaceus. Bull, and three 
allied new spocies, peculiar to the United States, are eommondod. 
Agaricus cmspitoavs, Curt,, he says, ia found in enormous quanti- 
ties, a single cluster containing froin fifty to one hundred stems, 
and might well be deemed a valaable species in times of scarcity. 
It would not be highly esteemed where other and better species 
can be had, but it is generallj" preferred to Agaricus inelleus, Fr, 
It is suitable for drying for winter use. In the same communi- 
cation, he observes that the imperial {Agaricus ctEsarius, Scop.), 



" Kcombholi, "Sciwamma," t. B. VitUdini, " Miilig." I, 1. 

+ Vittadini, " Mangerecci," t. 9. 

I Barkekj, " OntliDea," pi. 3, fig. 6, 

S Saandera and Smith, " Myeotogiral Illustr," pL 23. 

t Cooke, M. C, " Handbook of BritiBb Pungi," vol. i. pi. I, G,^, 2. 

H "aardoaer's Chroaiola" (IB8B), p. lOflG. 
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grows in great quantities in oak forests, and may be obtained 
by the cart-load in its season ; but to his taste, and that of his 
family, it is the most unpalatable of fungi, nor could he find any 
of the most passionate mycophagists who would avow that they 
liked it. There is a disagreeable saline flavour that they could 
not remove nor overlay. In addition to these, the same autho- 
rity enumerates Agariciis rr/ssulay Schroff., Agaricus hypopitJiyus, 
Curt., and Agaricus consociatus. Curt., the latter two being con- 
fined to the United States ; Agaricus columbetfay Fr., found in 
Britain, but not eaten, as well as Agaricus radicafus, Bull. Agari^ 
cus homhycinus, Scha^ff., and Agaricus speciosus, Fr., are found in 
Britain, but by no means common ; Agaricus squarrosus, Mull., 
has always been regarded with great suspicion in this country, 
where it is by no means uncommon ; Agaricus cretaceuSy Fr., and 
Agaricus sylvaticus, Scha3ff., are close allies of the common 
mushroom. 

Dr. Curtis says that hill and plain, mountain and valley, 
woods, fields, and pastures, swarm with a profusion of good 
nutritious fiingi, which are allowed to decay where they spring 
up, because people do not know how, or are afraid, to use them. 
By those of us who know their use, their value was appreciated, 
as never before^ during the late war, when other food,' especially 
meat, was scarce and dear. Then such persons as I have heard 
express a preference for mushrooms over meat had generally no 
need to lack grateful food, as it was easily had for the gathering, 
and within easy distance of their homes if living in the country. 
Such was not always the case, however. I remember once, during 
the gloomy period when there had been a protracted drought, 
and fleshy fungi were to be found only in damp shaded woods, 
and but few even there, I was unable tu find enough of any one 
species for a meal, so, gathering of every kind, I brought home 
thirteen different kinds, had them all cooked together in one 
grand pot pourrij and made an excellent supper. 

One important use to which several species of fungi can be 
applied, is the manufacture of ketchup. For this purpose, not 
only is fhe mushroom, Agaricus campestris, and the horse mush- 
room, Agaricus arvensiSy available, but also Agaricus ruhescens 
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is declared to be oscellent for the purpose, and a dcltcions, bat' 
pule, extract is to be obtained from Maraamius ofeades. Other 
Bpecies, us Coprinus comatus, and Coprinus alramenlariug, are 
also available, together with FMuUita hepalica, and MoroheUa. 
eseulenia. In some districta, when mashrooms are scarce, it is 
stated that almost any species that will yield a dark jnice is 
without scrapie mised with the common mnshroom, and it 
should seem without any bad consequence except the deteriora- 
tion of the ketchup.* There ia an extensive manufactnre of 
ketchup conducted at Lubbenhara, near Market Harborough, 
but the great difficulty appears to be the prevention of decom- 
position. Messrs. Perkins receive tons of mushrooms from 
every part of the kingdom, and thoy find, even in the same 
species, aa immense difference in the quality and quantity of 
the produce. Tho price of miistirooms varies greatly with the 
aeason, ranging between ono penny and sixpence per pound. 
Messrs. Perkins are very careful in their selection, but little 
discrimination is used by ooimtry manufacturers on a small 
scale, who use such doubtful species as Ajaricvx lacrymahundus, 
with Agaricus spadiceies, and a host of allied species, which they 
characterize as nonpareils and champignons. In tho eastern 
counties Agariciis arvensig has the preference for ketchup. 

The generic distinctions between tho genuine Agarics and 
Bome of the allied genera can hardly be appreciated by the non- 
botanical reader, but we have nevertheless preferred grouping 
the edible species together in a somewhat botanical order; and, 
pursuing this plan, the nest species will be those of Copriniis, 
in which the gills aro deliquescent after tho plant has arrived 
at maturity. The maned mushroom {Goprinus comatue, I'r.)t 
is the best of edible species in this group. It is very common 
hero by roadsides and other places, and whilst still young and 
cylindi-ical, and the gills still whitish or with a roseate tint, it 
ia highly to be commended. Similar, but perhaps somewhat 
inferior, is Ooprinus alramenlariui, Vt.,X equally common about 



i Coprin 

• BBrkalej, " Outliaoa o 
t Cooke, " EfiBj GuLcie ■ 
t Ibid., [il. 12. 



British Fungologj," 
] British Fnngi," pi. H. 



61. 



r USES. 91 I 

old stumps and on tlic nnked Boil. Both species are also found I 
and eaten in tho Unitt'.d States. I 

111 Cortinariiis, tlio veil is composer! of aractnoid tlireada, and I 
the spores are rusty. The number of edible species are few. I 
Foremost is the really handsome Corlinarius violaeiis, Fr.,* often 1 
nearly four inches in diameter, and of a beautiful violet colour j | 
and the smaller Gortinariu» cagianeug, Fr.jt scarcely exceeding an 
inch in diameter, both being found in woods, and common alik© 
to Biitain and tlie United States. Corlinarius cinnamomeua,'Sr., 
is also a lover of woods, end in northern latitudes is found in* 
habiting tliem everywhere. It has a cinnamon- col cured pileua, J 
with yellowish flesh, and its odour and flavour ia said to partake I 
of tlie same spice. In Germany it is held in high esteem. Oor- 
tinariitt emodensis, B., is eaten in Northern India. j 

The amall genua Lepista of Smith (wbicb, however, is not 1 
adopted by Fries in his now edition of the"EpicrisiB") includes j 
one escolcnt species in Zepista pereofiaia, tha A^arieiis persoiialitt I 
of Friea.J It is by no means uncommon in Northern Europa j 
or America, frequently growing in large rings ; the pileus ia I 
pallid, and the stem stained with lilac. Formerly it was aaid ] 
to be sold in Covont Garden Market under the name of "blewits," I 
but we hare failed to see or hear of it dtuing many years ia.l 
London. 1 

Small fungi of ivory- whiteness are very common amongst 
gi-ass on lawna in antumn. These ave chiefly Si/grophorut 
virgineug, Fr.,§ and although not much eiceeding an inch in 
diameter, with a short stem, and wide dccurrent gllla, they are 
BO plentiful in season that quantity soon compensates for the 
small size. Except that it is occasionally oaten in France, it 
does not enjoy much reputation abroad. A larger species, vary- 
ing from buff to orange, Hjjp-opTiorus prateniisy Fr,,j| is scarcely 
"a open pastures. This is very gregarious in habit, 
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often growing ia tufta, or portions of rings. The pilous is flesLy 
in the centre, and the gills thick and deoarrent. In France, 
Germany, Bohemia, and Denmark, it is included with esculent 
Kpeciea. In addition may be mentioned Jli/ffrophoyus pliumfUf, 
Fr,, another white species, as also Ht/grophorit3 nioeus, Fr,, which 
growa in mossy pastures. PaxUlut involulus, Fr.,* tliongh very 
oommon in Europe, is not eaten, yefc it is included by Dr. Curtis 
with the esculent species of the United Slates. 

The milky agarics, belonging to the genua Lactarius, are dis- 
tinguislied by the milky jaico which is exuded when they are 
wounded. The spores are move or less globose, and rough or 
echinalato, at least in many species. The moat notable esculent 
IB J-aclariui delieioaus, Fr,,t in which the milk is at first sail'ron- 
red, and afterwards greenish, the plant assuming a lurid greenish 
hue wherever bmiaed or broken. Universal commendation seems 
to fall upon this species, writers vying with each other to say 
the best in its praise, and mycophagists everywhere endorsing 
the asaomption of its name, declaring it to be delicioas. It is 
found in the markets of Paris, Berlin, Prague, and Vienna, as 
we are informed, and in Sweden, Denmark, Switzerland, Russia, 
Belgium ; in fact, in nearly all coautries in Europe it is esteemed. 

Another esculent species, Lactarius volemum, Fr.,t has white 
milk, which is mild to the taste, whilst in deleterious species 
with white milk it is pungent and acrid. This species has been 
celebrated from early times, anci ia said to resemble Iamb's 
kidney. 

Zactnrius piperalus,¥r.,ia classcsd in England with dangerous, 
flometimes poiaonoaa species, whereas tho late Dr. Curtis, of 
North Carolina, has distinctly informed Tia that it is cooked and 
eaten in the United States, and that he has partaken of it. He 
includes Lactarius iasuhus, Fr., and Lactarim subdulcis, Fr.,§ 
amongst esculent species ; both are also found in this country, 

* Sowerliy, "Fungi," pi. 66 ; Soliieffer, "laonca Bar." t. 72. 
f Trattinniok, L., "Die Essbaran ScinYXnunB" (1809), p. 82, pi. M; Barla, 
I J. B., "CharopignonadeUNioB" (ISSa), p. 34, pi. 19. 
t Sroitli, "Edible Mushrooms," fig. 26. 
g Barla, "Champ. Hioe," t 20, t. 1-10. 
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\ 'bat not reputed as edible ; and Lactariut angustissimus, Lasob, 
wtich is not British, Species of Lactarius Beem to be eaten 

I abnost indiscriminately ia Russia, when preaeryed in vinegar and 
i:, in whicTi condition they form an important item in tha 
kinds of food allowed in tbeir long fasts, some Boleti in the 
dried state entering into the same category. 

The Bpeciea of Suesula in many respects resemble Laclarii 
without milk. Some of them are dangerons, and others esoiu 
lent. Amongst the latter may be enumerated SussuJa heterophylla, 
Tr., which is very common in woods. Vittadini pronounces it 
nnsnrpaased for fineness of flaYOur by even the notable Amanita 
viesarea.* BoqueB gives also an account in its favour as con- 
eumed in Franco. Both these aathora give favourable accounta 
of Riiisiila virescens, P.,t which the peasants about Milan are 
in the habit of putting over wood embers to toast, and eating 
afterwards with a little salt. Unfortunately it is by no means 
common in England. A third species of Eussula, with bnff- 
yellow gills, is Hiisaula alutiicca, Fr., wbicb is by no means to 

I be despised, notwithstanding that Dr. Badham has placed it 
amongst apecies to be avoided. Three or four others have also 
the nierit of being barmieaa, and these recorded as esculent by 
some one or more mycological authors : Itussula lactea, Fr., a 
white species, found also in the United States ; Sugsula lepida, 
, a roseate species, found also in lower Carohna, U.S. ; and 
another reddish species, Smsula vetca, Fr,, as well as Eussula 
deeohrans, Fr. "Whilst writing of tliis genua, we may observe, 
by way of caution, that it inclndes also one very noxious red 
Bpeciea, Sussula emslica, Fr., with white gills, with which some 
of the foregoing might be confounded by inesperienced persona. 
The ohantareile CantJiarellaa dharius, Fr., has a most charm- 
log and enticing appearance and odour. In colour, it ia of a 
bright golden yellow, and its smeU baa been compared to that of 
ripe apricots. It is almost universally eaten in all c 

• Villadini, C, " Fungbi MaOBCreMi" (183B), p. 203; Barla, 
+ Vittadini, C, "Fimghi MiingerBcoi,"p. 245 ; Eoqnes, "Champ 
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' where it is fouDd, England excepted, where it 13 only to be 
met with at the " Freemason'B TaTem " on state ocoasiona, and 
at the tables of pertinacionB mjcoph agists.* Trattinnick says: 
" Not only this same fnngna never did any one harm, bnt might 
even restore the dead."t 

The fairy-ring champignon Maraamiug oreadet, Fr., though 
I' small, is pleatiful, and one of the most deHcious of edible fungi. 
It grows in exposed pastures, forming linga, or parts of rings. 
This champignon possesses the advantage of drying readily, 
and preserving its aroma for a long time. We hiive often 
regretted that no persistent attempia and esperimenta have 
been made with the view of cultivating thia excellent and useful 
species. MarnsmiuB scorodoniut, I'r.,J a small, atrong-scented, 
and in all respects inferior species, found on heaths and dry 
pastures, extending even to the United States, is consumed in 
Germany, Austria, and other continental countries, where, per- 
haps its garlic odour has been oce of its recommendations as 
an ingredient in sauces. In this enumeration we have not ex- 
hausted all the gill-bearing species which might be eaten, having 
incladed only those which have some reputation as esculents, 
and of these more particularly those found in Great Britain and 
the United States. 

Amongst the Pu/iyjoj'ei, in which the gill plates are represented 
by pores or tubes, fewer esculent species are to be met with than 
in the Aijarieim, and the majority of these belong to the genus 
Soleiui. Whilst in Vienna and Hanover, we were rather 
aarprised to find Boletui edvlis, Fr., cut into thin slices and 
dried, exposed for sale in almost every shop where meal, peas, 
and other farinaceous edibles wera sold. This species is com- 
mon enough in England, but as a rule it does not seem to please 
the EngUah palate, whereas on the continent no fungus is more 
commonly eaten. This is beheved to be the euillns eaten by 
the ancient Ilomans,§ who obtained it from Bitbynia. The 
• Badham, Dr, "Esculent Pungaaes of Eritnin," 2iid ed. p. 110 ; llussey, 
" lUuat. Brit. Mjool." lat ser. pL 1 ; Barla, " Champ," pi. 23, f. 7-lE. 
t Traltinnick, L., "Esabaren Sehwamme, " p, 88. 
t Iieni, " Dia Ndttlichen nnd SchidUcteii Sohwainme," p. 49. 
i Badham, " Esculent Fungnhes of Qftab Britnin," 2 ed. p. 91, 
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modem Italiana dry tliem on etrings for winter use, and in 
Hnngary a soup is made ffoai theni when fresh. A more 
excellent species, according to onr judgment, is Soleius mstivalis, 
Tr.,* which appears in early sninnier, and has a peculiar cutty 
flavour when raw, reminding one more of a fresh mushroom. 
Solelus gcaher, Fr.,t is also coiumoa in Britain, as well as the ■ 
continent, bnt does not enjoy so good a reputation as S. edulit. J 
Kromhholz says that Boletus hovinus, Pr., a gregarious species, 
found on heaths and in fir woods, is much sought after abroad 
as a dish, and is good when dried. JBoleius caslaneus, Fr.,J is 
a small species with a mild, pleasant tast« when raw, and very 
good when properly cooked. It is not uncommonly eaten on 
the continent. JSohliu chrysenleron, Yv.,^ and Boletus suhtomen- | 
tostM, Fr,, are said to be very poor eating, and some authors ' 
have considered them injurious ; bat Mr. W. G. Smith states 
that he has on more than one occasion eaten the former, and 
Trattinnick states that tho latter is eaten in Germany. The lato 
Mr, Salter informed ua that, when employed on the geological 
staff, he at one time lived almost entirely on different species of. ■ 
Boleti, without using much discrimination. SirW, CTrevelyan I 
also informs us that be has eaten Boletus lurdiuf without hnj- 1 
nupleasant consequences, but we confess that wo should be sorry 1 
to repeat tho experiment. Dr. Badham remarks that he haa | 
eaten Boletus GreBillei, B., Bolelwt flams. With., and Boletus * 
granulatuB, L., the latter being recognized also as edible abroad. 
Dr. Curtis experimented, in the United States, on Boletus i 
linitus, and although he professes not to be particuhu-ly fond of 
the Boleti, he recognizes it as esculent, and adds that it had been 
prononuoed delicious by some to whom he bad sent it. He also j 
enumerates as edible Boletus luteus, Fr., Boletus elegans, Fr., 
Boletus flaoidus, Fr., Boletus veraipelUs, Fr., Boletus leueotnelaSj i 
Tr., and Boletus ovinus, Sch. Two Italian species of Folypor 
must not bo forgotten. These are Poli/porut tuherasfer, Pers., 

• HuMey. " Myo. lUus," ii. pi. 25 ; Paulot, " Champ." t. 170. 

t Birlfl, J. B., "Champ, da la Mice," p. 71, pi. 36, t 1-6. 

t HnBscy, " Illustr." ii. t 17 ; Bark, " Champ. Niee," t. 32, f. 11-16. 

j Husacf, "lUiutr." i. t. 6 ; Kroinbholz, " Schwilmme," t. 76. 
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whicli IB procured by watering the pietra funghaii 
stone, A kind of tufa, in wbicli the mjceHiim ia embedded. It ■ 
is confined to Naples. The otber Bpeciea ia Poli/porus corylin 
Manri., procured artificially in Rome from charred stnmpa of the 
cob-nnt tree.* 

Of trao Fot^porue, only two or three species have been 
regarded favourably aa esculents. These arc — Poli/pofus intij- 
, which ia of very large size, eometiraes attaining as 
much as forty pounds ; Fol^oriit giffattieus, Ft., alBO-very ]B.rge, 
and leathery when old. Both these apccioa are natives of 
Britain. Only youn^ and juicy epccimcna must be selected for 
cooking. Folypoma umhellatus, Fr., is stated by Fries to be 
esculent, but it is not found in Britain. Polifporits squamostu, 
Fr., baa been also included ; bat Mrs. Hussey thinks that one 
might as well think of eating saddle-flaps. Hone of these 
receive very much commendation. Dr. Curtis enameratea, 
amongst North American species, the Polyporia crislatus, Fr., 
Folj/porus paripef, Fr., which, when raw, tastes like the beat 
chestnuts or filberts, but ia rather too dry when eooked. 
Polyporue Berheleii, Fr., ia intenaoly pungent when raw, but 
when young, and before the porea are visible, it may be eaten 
with impunity, all ita pungency being dissipated by cooking. 
Polt/porua confluene, Fr., he considera snpei'ior, and, in fact, 
quite a favourite. Polyporui suZfureue, Fp., which is not eaten in 
Europe, he considers juat tolerably safe, but not to be coveted. 
It is by no moans to be recommended to persons with weak 
atomachs. In his catalogue, Dr. Curtis enumerates one hundred 
and eleven apeoies of edible fungi found in Carolina.+ 

With Matulina hepatica, Fr., it ia difierent; for here we 
encounter a fleshy, juicy fungus, resembling beefsteak a little in 
appearance, and so much mora in its uses, that the name of 
"beefsteak fnngua" baa been given to it. Some authors are 
rapturous in their praise of FistuJina. It sometimes attains a 
very large aize, Dr. Badbam quoting J one found by himself 

' Badhntu'B " EactilGnl Punguseg," l»t eJ. pp. 110 and 120. 

t Catalogae of Plants of Curolmn, tt.S. 

\ Bii4hun, Dr., "Esculvnt FangnscH," 2acl eil, p, 138; HmK;, "lUiutra- 
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'ly five feet in circmnference, and weigtiing eight ponnds; 
whilst another found by Mr, Graves weighed nearly thirty 
poundfl. In Vienna it is sliced and eaten with brImJ, like beet- 
root, which it then much reaembloa. On tbe continent it is 
everywhere included amongst the beat of edible species. 

The Sydnei, instead of pores op tubes, are characterized by 
apinea or warta, over which the fructifying surface is expanded. 
The moat common is Si/dnum repandvm, Fr., found in woods 
and woody places in England, and on the continent, extending 
into the United States. When raw, it is peppery to the taste, 
bnt when cooked is much esteemed. Fi'om its drier natnre, it 
can readily be dried for winter nse. Less common in England 
is Sydnum imbrieatum, Tr., althongh not so uncommon on the ' 
continent. It is eaten in Germany, Austria, Switzerland) ' 
France, and elsewhere. Sydnum l^vu/alum, Swartz, is eaten in 
Alpine districts.* Of the branched speciea, Sydnum coralloideg, 
Ecop.,t and Sydnum Oapwt Medusis,Bun,% are esculent, bnt very 
rare in England. The latter is x.ot uncommon in Austria and 
Italy, the former in Germany, Switzerland, and France. Sydnum 
erinaceum, Bull, is eaten in Germany § and France. 

Tbe Clavarioid fungi ai'e mostly small, but of these the ma- 

»jority of the whi(«-8pored are edible. Clavaria rugoaa, Bnll, is & 
common British species, as also ia Clavaria coralloideg, L,, the 
former being found also in the United States. Clavaria fasli- 
giata,!}. C, ia not uncommon; bat Clavaria amethystina, Bull, a 
beautiful violet speciea, ia rare. In France and Italy, Clavaria i 
einerea. Bull, is classed with eaoulenta ; and it ia not uncommon ' 
in Britain. Clavaria botrytis, P., and Clavaria aui-ea, Schosff"., 
are large and beautiful species, bnt rare with ua; they extend 
also into the United States. Others might be named (Dr. 
Cnrtia enumerates thirteen speciea eaten in Carolina), which are 

Itiona," !rt aer. pi. 65; Berkeley, in ■' Qatd. Chron." (1361), p. 131; Bull, in 
"Trana. Wooihopa Club" aSSS). 
■ Barla, " Champ. Nice," p. 70, pi. 38, f. B, 6. 
+ Roqow, 1. 0. p. is. 
X Lena, p. 93 ; RoqnsB, I. c. p. 47, pi. 2, flg. 5. 
S Lani, H, 0., " Die Hfltilichen und Sohadlioben Schwamine," p. 93, 



certainly wholcBome, but they are of little importance aa edible 



BpecieB, Sjiaraisit crispa, Fr., 



1 the contraiy, very large, 



eaembling in bibc," and somewlat in appearance, a cauliflower ; 
it has of late years been found sBveral timoa in this country. 
In Austria it is fricasseed with batter and berba. 

Of the true Tremelite, none merit insertion here. The curioos 
Jew's ear {Hirneola auricula-Judre, Fr.), with one or two other 
species of llirneola, are collected in great quantities in Tahiti, 
and shipped in a dried state to China, where they are used for 
soup. Some of these find their way to Singapore. 

The false truffles {Mypogmi) are of doubtful value, one species 
(MelanOffasier variegatug, Tal.) having formerly been sold in the 
mai'tets of Bath as a substitnte for the genuine trnffle.t M^either 
amongst the Phalhidei do we naeet with species of any economic 
value. The gelatinous volva of a species of Ileodicti/oii is eaten 
by the New Zealandera, to whom it is known as thunder dirt; 
whilst that of Fhallus Mokusin is applied to a like purpose in 
China ;| but these eiaimples would not lead ns to recommend a 
similar use for Phallus impudious, Fr,, in Britain, or induce us 
to prove the asaerfcion of a Scotch friend that the porous stem is 
very good eating. 

One species of puff-ball, L^/coperdon giganteum, Fr.,§ has 
many staunch advocates, and wLilst young and cream-like, it is, 
when well manipulated, an excellent addition to the breakfast- 
table. A decided advantage is possessed by this species, since 
one specimen is often found large enough to satisfy the appetites 
of ten or twelve persons. Other species of Lycoperdon have 
been eaten when young, and we have been assured by those 
who have made the experiment, that they are scarcely inferior 
to their larger congener. Bovista nigreaeena, Fr., and Bovista 
plamhea, Fr., are also eaten in the United States. More than 
one species of Zycoperdon and SovUta appear in the bazaars of 
India, as at Socunderabad and Rangoon ; while the white ant- 

• Bcttekj, M. J., in " Inlellootual Observer," No. 25, pL 1. 
t BErkelej, M. J., "Oatlines o£ British Fungology," p. 233, 
t Berkeley, M. J., "latrodoction to Crypt. BoC" p. 347. 
I Cooke, M. C, "A Plain and Ea?j QnidB," ic, p. 98, 
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hills, together with an excellent Agaric, produce one or more 
specieB of Fodaxon which are esculent when young. A Bpecira 
of Scleroderma which grows abundantly in sandy districts, is 
substituted for truffles in Perigord pies, of which, however, it 
does not possess any of the aroma. 

Passing over the rest of the sporiferons fungi, we find 
amongst the Ascomycetoug group several that are highly esteemed. 
Amongst these may first be named the species of morel, which 
are regarded as delicacies wherever they are found. Mbrekella 
eiculenia, Pers., is the most common species, but we have also 




Morchella scmilihera, D. C., and the much larger Morchella 
crtusipei, Pers. Probably all the species of Morchella are 
esculent, and we know that many besides the above are eaten 
in Euippe and other places ; Morchella deliciosa, Fr., in Java ; 
Morchella boliemica, Kromb., in Bohemia ; Morchella gigaspora, 
Cooke, and Morchella deliciosa, Fr., in Kashmere.* Morchella 
rimofipeg, D. C, occnrs in France and Bohemia; Morchella 

* Cooke, M. C, "On Kashmir Morels," in "Trans. Bot. Soc. Bdin." vol. x. 
p. 439, with 6^ 
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United States of Americi 
in Britain of spccimena a 



EQ^lish species is Sel- 
declared to be 
id somcwtiat rare. Mehella 



Oaroliniana, Boao., in the Sontliera 

W. G. Smith records the occui-renc 

Morehella eraseipes, P., ten inches in lieight, and one specim 

wna eJeven inches high, with n diameter of seven and t 

Similar in nGes, though diSei'ing in appearance, are the species 
of Helmlla, of which several are edible. In both these genera, 
the individuals can he dried so readily that tliey are the more 
valuable on that account, as they can be nsed ibr flavouring in 
winter when fresh specimens of any tind of fungns are c 
cult to procure. The m 
vella cri»jpa, Fr., but Sehella lac 
equally good, though not ao large a 
infiila, Fr., is also a large species, but is not British, although it 
extends to North America, as also does Beloella eulcata, Afz, 
Intermediate between the morel and Hehella is the species 
which was formerly included with tho latter, but now known as 
Gt/romitra eseulenta, Fr.t It is rarely found in Great Britain, 
but is more coramon on the continent, where it is held in esteem. 
A curious stipitate fungus, with a pileus like a hooii, called 
Verpa digitalifurmit, PerB.,i is uncommon in England, but 
Tittadini states that it is sold in the Italian markets, although 
only to be recommended when no other esculent fungus ofl'ers, 
which is sometimes the case in Bpring.§ 

Two or thi'ee species of Peziza have the reputation of being 
esculent, but they are of very little value ; one of these is Peziza 
acetahulum, L., another is Peziza eochleata, Huds., and a third 
is Pesiza venosa, Pers.|| The latter has tho most decided uitrooB 
odour, and also fiingoid flavour, whilst the former seem to have 
but little to reeoTOCQeud theni ; we have seen whole baskets full 



of Peziza eochleata gathered in Northamptonshire as 
for morels. 
A very intereating genus of edible fnng^, growin 

• BmitL, "Joom. Bot." vol. is. p. 214. 

t Cookd, " Handbook," fig. 822. 

t Cooke, " Handbook," fig. 321. 

% Vittadini, 0., "Fnnghi Mangerecci," p. 117< 

y QroTillB, "So, Crypt Fl." pi. 166. 



L substitut-i! 



.■.': _, USEB. 101 

green beech trees in SouthiAjheiicn, has been named Ci/Uaria. 
One of these, Oi/ttaria Dafuiinii,-^,^t)Qcurs in Terra del Faego, 
where it was found by Mr. C. DariVT)j*^fowing in vast nnmbers, 
nnd forming a very essential article'-df food for the natives. 
Another is Ci/ttaria Herteroi, B., also seau bf'AIr. Darwin in 
Chili, and eat«n occaaionully, but apparently-'^t'so good aa 
the preceding. t Another species ia Oyttaria Qunnii, B4 which 
abounds in Tasmania, and is held in repnt« amongst tha pettlers 
for its esculent properties. J • '•" 




It remains for ua only to note the snbterranean fungi, of which 
the truffle is the type, to complete our enumeration of esculent 
Bpecies. The truffia which is consumed in England is Tuber 
asttivum, Vitt. ; but in France the more highly- flavoured Tuber 
melanogpei-muiii, Vitt.,§ and also Tuber magnaiwm, Pico, with 
some other species. In Italy they are very common, whilst 
BOme are found in Algeria. One specioB at least is recorded in 
the North-west of India, but in Northern Europe and North 
America they appear to be rare, and Terftzia Leonii is used as 
an esculent in Damascus. A large species of ili/bliti, sometmies 
several inches in diameter, occurs pleotifally in some parts of 
Australia. Although often included with fungi, the cunous 
production known under the name of Fachtjma cocos, Fr , is not 

• Barkfllej', in " Linn, Trans." xii. p. 37 ; Oooke, in "Technologiat" ^186i), 

p. 3sr. 

+ Berkeley, M. J., in " Lino. Trana." xix. p. 37. 

t Berkeloj, M. J., in "Hooker, Flora Antarctica," p. 147; in "Hooker's 
Jonrn. Bot." {1818), 576, t. 20, 21. 
g Vitladini, C, " Monographia Tuberacearam (1B3I), pp. 38, itc. 
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a fungus, as proved by the esaaiii^iOaB made by the Rev. M. J, 
Berkeley. It ia eaten under'-iue name of " Tuckahoe " iii the 
United Statea, and aa ii cpfi^sts almost eutiroly of pectic acid, 
it is sometimes nse3,in tlie manufactnro of joUy. 

In the Noji^HeiTiea (S. India), a substance ia occasionally 
found which*JS;.ained to the native bread of southern latitudes. 
It ia (band Utr an elevation of 5,000 feet. The nativea call it 
"ailiiflii'man's bread," in allneionto the tradition that the Neil- 
g^e^^ieH were once peopled by a race of dwarfs." At first it was 
supposed that those were the bulbs of some orcliid, but later 
another view was held of their character. Mr, Scott, who 
examined the specimens sent down to him, remarks that, instead 
of being the product of orchids, it is that of an underground 
fnngua of the genus Myl'iUa. It indeed seems, he says, very 
closely allied to, if really distinct from, the so-called native 
bread of Tasmania t 

Of the fungi employed in medicine, the first place must be 
assigned to ergot, which is the sclerotioid condition of a speciea 
of Claviceps. It occurs not only on rye but on wheat, and many 
of the wild grasses. On account of its active principle, this 
fungus stiU holds its place in the Materia Medtca. Others which 
formerly had a reputation are now discarded, as, for instance, the 
speciea of Elaphomyees ; and Polyporas qfficinalis, Fr., which has 
been partly superseded aa a styptic by other substances, was 
formerly employed as a purgative. The ripe spongy capillitiam 
of the great pufi'-ball X-ycoperdon giganieum, Pr., has been used' 
for similar purposes, and also recommended as an anodyne ; 
indeed formidable surgical operations have been performed under 
its influence, and it is frequently used aa a narcotic in the 
takiug of honey. Langadorf gives a curious account of its 
employment as a narcotic ; and in a recent work on Kamts- 
chatka it is said to obtain a very high price in that country. 
Dr. Porter Smith writes of ita employment medicinally by the 
Chinese, bat from hia own specimens it ia clearly a speciea of 
Poli/gaecum, which be has mistaken for Lycoperdon. In China 

' "Proceedings Agri. Hort. Soo, India"' (Dec, 1371), p. liiix, 
t Ihld. (June, .1872), p. iiiiL 
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seyeral species are supposed to possess great virtue, notably the 
2hrruhia sinensis, Tul.,* whicli is developed on dead caterpillars ; 
as it is, however, recommended to administer it as a stuffing to 
roast duck, we may be sceptical as to its own sanitary qualities. 
Geaster hygrometricus, Fr., we have also detected amongst 
Chinese drugs, as also a species of Poli/saccum, and the small 
hard Mylitta lapidescens, Horn. In India, a large but imper- 
fect fangus, named provisionally Sclerofium stipitatum, Curr., 
found in nests of the white ant, is supposed to possess great 
medicinal virfcues.f A species of Tolyponvs {P, anthelminticus, 
B.), which grows at the root of old bamboos, is employed in 
Burmah as an anthelmintic. J In former times the Jew's ear 
(Hirneola auricula Judce, Fr.) was supposed to possess great 
virtues, which are now discredited. Yeast is ' still included 
amongst pharmaceutical substances, but could doubtless be very 
well dispensed with. Truffles are no longer regarded as aphro- 
disiacs. 

For other uses, we can only allude to amadou, or German 
tinder, which is prepared in Northern Europe from JPolyporus 
foment ariuSy Fr., cut in slices, dried, and beaten until it is soft. 
This substance, besides being used as tinder, is made into warm 
caps, chest protectors, and other articles. Thi3 same, or an 
allied species of Polyporus, probably P. iyniarius, Fr., is dried 
and pounded as an ingredient in snuff by the Ostyacks on 
the ObL In Bohemia some of the large Polyporei, such as 
P. igniarim and P. fomentarius, have the pores and part of the 
inner substance removed, and then the pileus is fastened in an 
inverted position to the wall, by the part where originally it 
adhered to the wood. The cavity is then filled with mould, 
and the fungus is used, with good effect, instead of flower-pots, 
for the cultivation of such creeping plants as require bat little 
moisture. § 

The barren mycelioid condition of Penicillium crustaceum, 

* Lindley, "Vegetable Kingdom," fig. xxiv. 
f Currey, F., in **Lmn. Trans." vol. xxiiL p. 98. 
X "Pharmacopoeia of India," p. 258. 
§ "Gard. Chron." (1862), p. 21. 
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Fr., 18 employed in country districts for the domeslia monit^l 
footure of vinegar from Bacctarine liquor, Tiiider the name of 
the " vinegar plant." It is stated that Polymceum crasiipcs, 
D, 0.,* ia employed in the South of Europe to produce a yellow 
dye ! whilst recently Folypomv sulfureui, Fr., has Iweu recom- 
mended for a similar purpose. Aijaricut mmearivs, i'r,,the fly- 
ag'aric, known to he an active poison, is used in decoction in 
some parts of Euivape for the destruction of flies and bugs. 
Probably JleloUum a!ruginosam,-'Er.,^ deserves mention bore, 
because it stains the wood on which it grows, by meang of 
its diffuse mycelium, of a beautiful green tint, and the -wood 
thus Bta,ined is employed for its colour in the manufactnre of 
Tonbridge ware. 

This completes tho list, certainly of the most important, of 
the fnngi which ara of any direct use to humanity as food, medi- 
cine, or in the arts. As compared with lichens, the advantage 
ia certainly ia favour of fungi ; and even Tvhen compared with 
algffl, the balance appears in their favour. In fact, it may be 
ijueBtioned whether, after all, fnngi do not present a larger pro 
portion of really useful species thaa any other of the orypto- 
gamfl ; and without any desire to disparage the elegance of 
fema, the delicacy of mosses, the brilliancy of some aigte, or 
the interest which attaches to lichens, it may be clainied for 
fongl that in real utility (not uncombined with injuries as real) 
they stand at the head of the cryptogams, and in closest 
aDiance with the flowering plants. 

• Borla, " Chimp, de la Nice," p. 128, pi. 47, fig. IL 
t ararille, "Soo^^. Crjpt. Flora," pi. 2«. 




V. 

NOTABLE PHENOMENA. 

There are no phenomena associated with fungi that are of 
greater interest than those which relate to luminosity. The 
fact that fungi under some conditions are luminous has long 
been known, since schoolboys in our juvenile days were in the 
habit of secreting fragments of rotten wood penetrated by 
mycelium, in order to exhibit their luminous properties in the 
dark, and thus astonish their more ignorant or incredulous fel- 
lows. Rumphius noted its appearance in Amboyna, and Fries, 
in his Observations, gives the name of ThelepJiora phosphorea 
to a species of Oorticium now known as Gorticium cceruleum, 
on account of its phosphorescence under certain conditions. 
The same species is the Auricularia pliospliorea of Sowerby, 
but he makes no note of its phosphorescence. Luminosity in 
fungi " has been observed in various parts of the world, and 
where the species has been fully developed it has been generally 
a species of Agaricus which has yielded the phenomenon."* 
One of the best-known species is the Agaricus olearius of the 
South of Europe, which was examined by Tulasne with especial 
view to its luminosity.f In his introductory remarks, he says 
that four species only of Agaricus that are luminous appear at 
present to be known. One of them, A. olearius, D. C, is indi- 
genous to Central Europe ; another, A. igneus, Rumph., comes 
from Amboyna ; the third, A. noctileucus. Lev., has been dis- 

* M. J. Berkeley, *' Introduction to Cryptogamic Botany," p. 265. 
t Tulasne, **Sur la Phosphorescence des Champignons,** in "Ann. des ScL 
Nat." (1848), vol. ix. p. 338. . - 
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covered at Manilla by Gaiiiiicbaud, iu 1836 ; the last, A. GarS 
neri, Berk., is produced in the Brazilian, province of Goyaz, upon 
dead leaves, As to tLe Dematimm oiolaceum, Pere., the Simantia 
Candida, Pera., cited once by Liiub, and the Thelephora ciBrulea, 
D. C {Coriiciam cai-uleum, Fr.}, Talaane ia of opinion that their 
phosphorescent properties are still problematical; at least no 
vecont ohaervation confirms them. 

The phosphorescence of A. olearius, D. C, appears to have 
been first made known by De Candolle, bnt it seems that he was 
in error in stating that these phosphorescent properties mani- 
fest themselves only at the time of its decomposition. Friea, 
describing the Oladosporiam umlrinum, which lives npon the 
Agaric of the olive-tree, expressed the opinion that the Agaric 
only owes ita phoBplioresccnce to the presence of the moidd. 
This, however, Tiilaane denies, for he writes, " I have had the 
opportunity of observing that the Agaric of the olive ia really 
phosphorescent of itself, and that it is not indebted to any 
foreign production for the Kght it emits." Like Delilo, he 
considers that the fungus is only phosphorescent up to the time 
when it ceases to grow ; thua the light which it projects, one 
might say, is a manifestation of ita vegetation. 

" It is an important fact," writes Tulasnc, " which I can con- 
firm, and which it ia important to insist npon, that the phos- 
phorescence is not esclusively confined to the hymeniaJ. aurface. 
Numerous observations made by me prove that the whole of the 
Bubatancc of the fungus participatea very frequently, if not 
always, in the faculty of shining in the dark. Among the first 
Agarica which I examined, 1 found many, the stipe of which 
shed here and there a hght as brilliant aa the hymenium, and 
led me to think that it was due to the spores which had fallen 
on the surface of the stipe. Tberefoi'e, being in the dark, I 
scraped with my scalpel the luminous parta of the stipe, but it 
did not sensibly diminish their brightness; then I split the stipe, 
bruised it, divided it into small fragments, and I found that 
the whole of this mass, evou in its deepest parts, enjoyed, in a 
similar degree to its superficies, the property of light. I found, 
. besides, a phosphorescence quite as brilliant in all the cap, for, 
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having spKt it vertically in the farm of plat<}s, I found that the i 
trama, when bruised, threw out a light equal to that of their I 
frnctiforous surfaces, and there is really only the Buperioc I 
surface of the pileua, or ita cuticle, which I have never i 
luminous. 

" Ab I have said, the Agaric of the olive-tree, whicli is itseU I 
very yellow, refloctB a strong brilliant light, and remaina I 
endowed with this remarkable faculty whilst it grows, or, at J 
least, while it appears to preserve an active life, and remains I 
fresh. The phosphorescence is at firafc, and more ordinarily, re- i 
cognizable at the sarfaee of the hymeninm. I have seen a great 
number of young fangi which were very phosphorescent in the 
gills, but not iu any other part. In another caee, and amongst 
more aged fungi, the hynieniam of which had ceased to give 
light, the stipe, on the contrary, threw out a briUiant glare. 
Habitually, the phosphorescence is distributed in an unequal 
lUanner upon the stipe, and the eame upon the gills. Although 
the stipe is luminous at its surface, it is not always necessarily 
BO ia its interior substance, if one bruises it, but this snbataii 
frequently becomes phosphorescent after contact with the a 
ThuH, I had irregularly split and slit a largo stipe in its length, i 
and I found the whole flesh obscure, whilst on the exterior were 
some luminous places. I roughly joined the lacerated parts, 
and the following eveuing, on observing them anew, I found 
them all flashing a bright light. At another time, I had with 
a scalpel split vertically many fnngi in order to hasten their 
dassicatioa ; the evening of the same day, the surface of aU these 
cats was phosphorescent, but in many of these pieces of fungi 
the lum.inoEity was limited to the cut surface which remained J 
exposed to the air; the flesh beneath waa unchanged. 

" I have seen a stipe opened and lacerated irregularly, the ' 
whole of the flesh of which remained phosphorescent during 
three consecutive evenings, but the brightness diminished in 
intensity from the eiteiior to the interior, bo that on the third 
day it did not issue from the inner part of the stipe. The 
phosphorescence of the gills is in no way modilied at first by 
immersing the fungus in water; when they have been immersed 






( bright J 



1 the I 



, but the fnngi which I 1 



immersed nntil the 



I 



i nest evening lost ail their phosphorei 
nicated to the water an already aensiblo yellow tint; 
alcohol put upon the phoaphorescent gills did not at once com- 
pletely oblitcrato the Hglit, bat visibly enfeebled it. Ab to the 
spores, wHch are white, I have found many times very dense 
coate of them thrown down on porcelain plates, but I have 
never seen them phosphorescent. 

" As to the observation made by Delile that the Agaric of the 
olive does not shine daring the day when placed in total dark- 
ness, I think that it could not Lave been repeated. From nhat 
I have said of the phospborescenco of A. oleanus, one naturally 
conclTides that there does not exist any necessary relation 
between this phenomenon and the fructification of thefungnsj 
the luminous brightness of the hymenium shows, says Delile, 
'the greater activity of the reproductive organs,' but it is 
not in consequence of its reproductive functions, which may 
be judged only as an accessory phenomenon, the caase of which 
is independent of, and more general than theEO functions, since 
all the parts of the fungus, its entire substance, throws forth 
at one time, or at successive times, light. From these experi- 
ments Tulasne infers that the same agents, oxygen, water, and 
warmth, are perfectly necessary to the prodaction of phoapho- 
rescoace aa much in living organized beings as in those which 
have ceased to livo. In either case, the luminous phenomena 
accompany a chemical reaction which consists principally in 
a combination of the organized matter with the oxygen of the 
airi that is to say, in its combustion, and in the discharge 
of carbonic acid which thus shows itself." 

We have quoted at considerable length from these observa- 
tions of Tulasne on the Agaric of the olive, as they serve very 
much to illustrate similar maiiifestations in other species, which 
doubtleaa resomhle each other in their main features. 

Mr. Gardner has graphically described his first acquaintance 
in Brazil with the phosphorescent species which now bears hia 
lukme. It was encountered oa a dark nit,'ht of December, while 
passing through the streets of Villa de Natividate. Some boya 
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were amusing themselves with some luminous object, which at 
first he supposed to be a kind of large fire-flj, but on making 
inquiry he found it to be a beautiful phosphorescent Agaric, 
which he was told grew abundantly in the neighbourhood on 
the decaying fronds of a dwarf palm. The whole plant gives 
out at night a bright light somewhat similar to that emitted 
by the larger fire-flies, having a pale greenish hue. From this 
circumstance, and from growing on a palm, it was called by the 
inhabitants "flor de coco."* 

The number of recognized phosphorescent species oi Agaricus 
is not large, although two or three others may be enumerated 
in addition to those cited by Tulasne. Of these, Agaricus 
Jampas^ and some others, are found in Australia.t In addition 
to the Agaricus noctileucus^ discovered by Gaudichaud, and the 
AgariQUS igneus of Rumphius, found in Amboyna, Dr. Hooker 
speaks of the phenomenon as common in Sikkim, but he seems 
never to have been able to ascertain with what species it was 
associated. 

Dr. Cuthbert Collingwood has communicated some further 
information relative to the luminosity of a species of Agaricus 
in Borneo (supposed to be A, Gardneri), in which he says, 
" The night being dark, the fungi could be very distinctly seen, 
though not at any great distance, shining with a soft pale 
greenish light. Here and there spots of much more intense 
light were visible, and these proved to be very young and 
minute specimens. The older specimens may more properly 
be described as possessing a greenish luminous glow, like the 
glow of the electric discharge, which, however, was quite suf- 
ficient to define its shape, and, when closely examined, the chief 
details of its form and appearance. The luminosity did not 
impart itself to the hand, and did not appear to be afiected by 
the separation from the root on which it grew, at least not for 
some hours. I think it probable that the mycelium of this 
fungus is also luminous, for, upon turning up the ground in 
search of small luminous worms, minute spots of light were 

• In " Hooker s Journal of Botany " (1840), vol. ii. p. 426. 
t Berkeley, "Introduction to Crypt. Bot." t. 265. 
6 
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observed, which could not be referred to any particular oligeo 
or body when brought to the light and eiamiDed, and wera 
probably dne to eome minute portions of its mycelium."" The 
Biime writer also adds, "Sir. Hugh Low has assured mo that Lo 
saw the jungle all in a blaze of light (by which he oonld see to 
read) as, eome years ago, he was riding acroaa the island by 
tlie jungle road ; and that this luminosity was produced by an 
Agaric." 

Similar experiences were detailed by Mr. James Di-ummond 
in a, letter from Swan River, in which two species of Agaric 
aro concerned. They grew on the stumps of trees, and had 
nothing remarkable in their appearance by day, but by night 
emitted a most curious light, such as the writer never saw 
described in any book. One species was found growing on the 
atnmp of a Sanksia iu Western Australia. The stamp was at 
the time surrounded by water. It was on a dark night, when 
passing, that the curious light was first observed. When the 
fnngus was laid on a newspaper, it omitted by night a phosphi> 
resceot h'ght, enabling persons to read the words around it, and 
it continued to do so for several nights with gradnally decreas- 
ing intensity as the plant dried up. In the other instance, 
which occurred some years after, the author, during one of Lis 
botanical trips, was struck by the appearance of a large Agarii-, 
measuring eisteen inches in diameter, and weighing about five 
ponnds. This specimen was hnng np to dry in the sitting- 
room, and on passing through the apartment in the dark it was 
observed to give out the same remarkable ligbt. The Inminoas 
property continued, though gradually diminishing, for four or. 
five nights, when it ceased on the plant becoming dry, " We 
called some of the natives," be adds, "and showed them thia 
fongna when emitting light, and the poor creatures cried out 
'abinga,* their name for a spirit, and seemed much afraid 

of it."+ 

Although the examples already oitod aro those of apeclea of 
Agaric, luminosity is not by any means wholly confined to that 
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genus. Mr. Wortliingtoa Smith has recorded his experiences of 
some specimens of the common Poli/porus annoeus which were 
fonnd on some timbers in the Cardiff coal miDea. He remarks 
that the colliers are well acqnainted with phosphoi'cEcent fungi, 
and the men state that sufficient light is given " to see their 
hands by." The specimens of Polyporug were ho luminous 
that they could be seen in the dark at a distance of twenty 
yards. He observes further, that he has met with specimens of 
Po/_C/io)-us swTfwreua which were phosphorescent. Some of the 
fongi found in mines, which emib light fitmiliar to the miners, 
belong to the incomplete genus Skizomcrpha, of which Hnmboldt 
amongst others gives a glowing account. TuJasne has also 
investigated this phenomenon in connection with the c 
Shisomorpha suhterranea, Pers. This species extends underneath 
the soil in long strings, in the neighbourhood of old tree stumps, 
those of the oak especially, which are becoming rotten, and 
npcn these it is fisod by one of its branches. These are cylin- 
drical, very flexible, branching, and clothed with a hard bark, 
encrusting and fragile, at first smooth and brown, becoming 
later very roughand black. The interior tissue, at first whitish, 
afterwards of a more or less deep brown colour, ie formed of 
extremely long parallel filaments from "0035 to '015 i 
diameter. 

On the eyening of the day when I received the specimens,* 
writes, the temperature being about 22° Cent., all the young 
ibranches brightened with an uniform phosphoric light the whole 
of their length ; it was the same with the surface of some of the 
older branches, the greater number of which wore still brilliant in 
some parts, and only on their surface. I split and lacerated many 
of these twigs, but their internal substance remained dull. The 
next evening, on the contrary, this substance, having been ex- 
posed to contact with the air, exhibited at its surface the same 
brightness as the bark of the branches, I made this observa- 
tion upon the old stalks as well as upon the young ones. Pro- 
longed friction of the Inniinous surfaces reduced the brightness 

" Tulaano, "SurlaPliosphorescenco," in "Ann, dca Sti. Mat." (1848), vol, ii. 
p. 340. k-.. 
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and dried lliom to a certain degi'ec, but did not leave ( 
fingers any pbospli orescent raatter. These parts continued with, 
ibe same luminouB intenBity after holding' them in the month so 
as to moisten them with saliva ; plunged into water, held to tLo 
flame of a candle BO that the heat they acquired was very appre- 
ciable to the touch, they atOl emitted in the dark a feeble light ; it 
was the same after being held in water heated to 30° C. ; but put- 
ting them in water bearing a temperature of 55°0. extinguished 
them entirely. They are equally estinguished if held in the month 
until they catch the temperature ; perhaps, BtUl, it might be 
attributed less to the heat which is communicated to them than 
to the deficiency of sufficient oxygen, liecause I have seen aome 
Btalts, having become dull in the mouth, recover after a few 
instants a little of their phosphorescence. A young stalk 
which had been split lengthwise, and the internal substance of 
which was very phosphorescent, could imbibe olive oil many 
times and yet continue for a long time to give a feeble light. 
By preserving these Rhisomoriihis in an adequate state of 
humidity, I have been able for many evenings to renew the 
examination of their phosphorescence; the commencement of 
dessication, long before they really perish, deprives them of the 
faculty of givii]g light. Those which had been dried for more 
than a month, when plunged into water, commenced to vegetate 
anew and send forth numerous branches in a few days; bat I 
could only discover phosphorescence at the surface of these new 
formations, or very rarely in their immediate neighbourhood, 
the mother stalks appearing to have lost by dessication their 
luminous properties, and did not recover them on being recalled 
to life. These observations prove that what Schmitz has written 
was not true, that all parts of these fungi were seldom phos- 
phorescent. 

The luminous phenomenon in questio 
complicated than it appears, and the c. 
bute it are certainly powerfully modified 
of the objects in which, they reside, 
botani.sts give this explanation, otters suj 
first or during its continuance a special 
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^wniuoiiS property residea ; tlija matter, wLicii is said to be 
■ ilincilaginons in tlie luminona wood, appears to be in t!ie 
Shiiomorjiha only a. kind of cbemical combination between the 
membrane and some gammy substance wliicli tLey contain. 
Notwithstanding this opinion, I am assured that all external 
mucoua matter was completely absent from fbe Agarieus oleariui, 
and I neither discovered it upon the branches of Shixomorp/ia 
tiibferranea nor npou the dead leaves which I have Been phos- 
phorescent ; in all these objects the luminous aurfaces were 
nothing else than their proper tissue. 

Ifc may be remarked here that the so-callod species of Mkizo- 
worpTia are imperfect fungi, hoing entirely devoid of fructifica- 
tion, consisting in fact only of a vegetative systeni — a sort of 
compact mycelium-^ (probably of species oi ^ylaria) with some 
affinity to Seleroiium. 

Eecenlly an extraordinary instance of luminosity was recorded 
as occurring in our own country.* " A quantity of wood had 
been purchased in a neighbouring parish, which was dragged np 
a very steep hill to its destination. Amongst them Was a log of 
larch or spruce, it is not quite certain wliich, 24 feet long and a 
foot in diameter. Some yonng friends happened to pass up the 
hill at night, and were surprised to find the road scattered with 
luminous patches, which, when more closely examined, proved to 
be portions of bark or little fragments of wood. Following the 
track, tbey came to a blaze of white light which was perfectly 
surprising. On examination, it appeared that the whole of the 
inside of the bark of tbe log was covered with a white byssoid 
mycelinm of a peculiarly strong sinell, but unfortunately in such 
a state that the perfect form could not hi" ascertained. This was 
luminous, but tbe light was by no niiiins so bright as in thoso 
parts of the wood where the spawn had penetrated more deeply, 
and where it was so intense that the roughest treatment scarcely 
seemed to check it. If any attempt was made to rub off the 
luminous matter it only shone tbe more brightly, and when wrapped 
np in five folds of paper the light penetrated tbrongh all the folds 
on either side as brightly as if tbe specimen was exposed ; when, 
• Est- M. J. Eorkelsy, in " Gardener'a Chroniola" for 1872, p. 1268. 
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again, the BpecimenB were placed in tho pocli:ct, the pocki?t wlien 1 
opened was a lassa of light. The laniinositj had now beenl 
going on for three days. Unfortunately we did not see il 
selvea till the thii-d day, when it had, possibly from a cliange i»,J 
the atato of electricity, been somewhat impaired ; bnt it ■« 
still most interesting-, and we have merely recorded what w0B 
observed ourselves, It was almost possible to read the time c 
the face of a watch even in its less lumitioua condition. We c 
not for a moment suppose that the mycelium is essentially^ 
larainoua, but are rather inclined to believe that a peculiar con-v 
corrence of climatic conditions is necessary for the production, ■ 
of the phenomenon, which is certainly one of great rarity. ■ 
Observers aa wo have been of fungi in their native hannta foF'l 
fifty years, it haa never fallen to our lot to witness a similar casfl 1 
before, though Prof. Churchill Babington once sent ua specimena 9 
of luminous wood, which had, however, lost their lumii 
before they arrived. It should be observed that the parts of thdl 
■wood which were most Inminoua were not only deeply penetrated. ■ 
by the more delicate parts of the myceham, but were thosfrj 
which were most decomposed. It is probable, therefore, th&tl 
this fact is an element in the case as well aa the proaence offl 
fiingoid matter." 

lu all cases of phosphorescence recorded, the hght emitted"! 
is described as of the same chariwster, varying only in intensity. J 
It answers well to* the name applied to it, as it seems remarkably '1 
HiiniJar to the light emitted by some living insects and othepl 
animal organisms, as well as to that evolved, under favonratdtfl 
conditions, by dead animal matter — a pale bluish light, resem- ( 
hling that emitted by phoaphorua as seen in a dark room. 

Another phenomerion worthy of note is the change of coloar 
which the bruised or cut surface of some fnngi undergo. Most 
prominent amongst these are certain poisonous Bpeciea of 
Boletus, such, for inatanee, as Boletus luridug, and some 
others, which, on being bruised, cut, or divided, exhibit an 
intense, and in some cases vivid, blue. At times tbis changa 
is HO instantaneous that before the two freshly-cut portiona 
of a Boletus can he separated, it has already commenced, and 
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f proceeda rapidly till the depth of intensity has boen gained. 
L fChia blue colour is so universally confined to dangerous species 
I'&at it is given as a cantioii that all species which exhibit a bine 
9 colour when cut or brniaed, should on no account be eaten. The 
e of intensity varies considerably according to the con- 
. of the species. For esample. Boletus cizraletcen» is 
I sometimes only very slightly, if at all, tinged with blue when 
longh, as the name implies, the peculiar phenomenon is 
generally highly developed. It cannot be said that this change 
of colour has as yet been fully investigated. One writer some 
time since suggested, if ho did not affirm, that the colour was 
due to the presence of aniline, others have contented themsolvea 
with the affirmation that it was a rapid oxidization and chemi- 
cal change, consequent upon exposure of the surfaces to the air. 
Archdeacon Robinson examined this phenomenon in different 
[ gases, and arrived at the conclusion that the change depends on 
n alteration of molecular arrangement.* 
One of the best of the edible species of Zaclarius, known as 
I Zaclarius deliciosus, changes, wherever cut or bruised, to a dull 
I livid green. This fungus is filled with an orange milky fluid, 
which becomes green on exposure to the air, and it is conse- 
I quently the juice which oxidizes on exposure. Some varieties 
I more than others of the cultivated mushroom become brownish 
I on being cnt, and a, eimilar change we have observed, though 
[ not recorded, in other species. 

The presence of a milky juice in certain fiingi has been 
I alluded to. This is by no means confined to the genus Xac- 
} tariut, in which such juice is universal, sometimes white, some- 
IS yellow, and BOmotimes colonrless. In Agarics, especially 
le subgenus Mycena, the giUa and stem are replete with a 
I milky jnice. Also in some species of Peziza, as for instance in 
I Feziza succosa, B., sometimes found growing on the ground in 
[ gardens, and in Fexha saniosa, Schrad., also a terrestrial species, 
Bie same phenomenon occurs. To this might ho added such 
[ species as Stereuiii tpadieeum, Fr., and Slereum sanyt/inolcnltm, 

• BetlEelej, " Introaac^on to Crjpt. BoL" p. 260. 
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Fr., both of which become discoloured and bleeding when 
bniised, while Corticium lactescens distils a watery milk. 

Fungi in general have not a good repute for pleasant odours, 
and yet it must be conceded that they are not by any means de- 
void of odour, sometimes peculiar, often strong, and occasionally 
very offensiye. There ia a peculiar odour common to a great 
many forms, which has come to be called a ftingoid odour ; it is 
the faint smell of a long-closed damp cellar, an odour of mouldi- 
ness and decay, which often arises from a process of eremoeau- 
ais. Bnt there are other, stronger, and equally distinct odours, 
which, when once inhaled, are never to be forgotten. Amongst 
these ia the fetid odonr of the common stinkhorn, which ia in- 
tensified in the more beautiful and curious Clath-us. It is very 
probable that, after all, the odour of the P/ialliis would not be bo 
unpleasant if it were not so strong. It is not difficult to imagine, 
when one encoimtei-a a slight sniff borne on a passing breeze, 
that there is the element of something not by any moans nn- 
pleasant about the odour when so diluted ; yet it must be eoii- 
fessed that when carried in a vaHCnlum, in a close carriage, or 
railway car, or exposed in a close room, there ia no BCmple about 
pronouncing the odonr intensely fetid. The experience of more 
than one artist, who has attenapted the delineation of OlalArua 
from the life, is to the effect that the odour ia unbearable even 
by an enthusiastic artist determined on making a sketch. 

Perhaps one of the moat fetid of fungi is Thelrphora palmata. 
Some specimens were on one occasion taken by Mr. Berkeley into 
his bedroom at Aboyne, when, after an hour or two, he was hor- 
rified at finding the scent far worse than that of any dissecting 
room. Ho was anxious to save the specimens, but the scent was 
BO powerful that it was quito intolerable till he had wrapped them 
in twelve thick folds of the strongest brown paper. The scent 
of Thelephorafastidiosa ia bad enoagh, but, like that of Coprinus 
pieaceug, it ia probably derived from the imbibition of the ordure 
on which it ia developed. There needs no stronger evidence 
that the scent must not only be powerful, but unpleasant^ when 
an artist is compelled, before a rough sketch is more than half 
fisished, to throw it away, and seek relief in the open air. A great 
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number of edible Agarics have the peculiar odour of fresh meal, 
but two species, Agancus odorus and Agaricus fragrans^ have a 
pleasant anise-like odour. In two or three species of tough 
Hydnum, there is a strong persistent odour somewhat like melilot 
or wood ruffe, which does not pass away after the specimen has 
been dried for years. In some species of Marasmius, there is a 
decidedly strong odour of garlic, and in one species of jETggro" 
phortis, such a resemblance to that of the larva of the goat 
moth, that it bears the name of Hggrqphorus cossus. Most of 
the fleshy forms exhale a strong nitrous odour during decay, 
but the most powerful we remember to have experienced was 
developed by a very large specimen of Choiromyces meandriformisy 
a gigantic subterranean species of the truffle kind, and this 
specimen was four inches in diameter when found, and then 
partially decayed. It was a most peculiar, but strong and 
unpleasantly pungent nitrous odour, such as we never remember 
to have met with in any other substance. Peziza venosa is 
remarkable when fresh for a strong scent like that of 
aquafortis. 

Of colour, fungi exhibit an almost endless variety, from white, 
through ochraceous, to all tints of brown until nearly black, or 
through sulphury yellow to reds of all shades, deepening into 
crimson, or passing by vinous tints into purplish black. These 
are the predominating gradations, but there are occasional blues 
and -mineral greens, passing into olive, but no pure or chloro- 
phyllous green. The nearest approach to the latter is found in 
the hymenium of botxig 'JBoleti, Some of the Agarics exhibit 
bright colours, but the larger number of bright- colt)ured species 
occur in the genus JPeziza. Nothing can be more elegant than 
the orange cups of JPeziza aurantia, the glowing crimson of 
JPeziza coccinea^ the bright scarlet of JBeziza rutilans, the snowy 
whiteness of JBeziza nivea, the delicate yellow of JPeziza thele* 
holoideSy or the velvety brown of JPeziza repanda. Amongst 
Agarics, the most noble Agaricus mtiscariuSf with its warty 
crimson pileus, is scarcely eclipsed by the continental orange 
Agaricus casarius. The amethystine variety of Agaricus laccattts 
is so common and yet so attractive ; whilst some forms and 




Bpecles EasBuIa ore goms of brilliant coloorlnf^. Tho golden 
tufts of moro than one species of Clavaria are exceedingly 
ftttraetive, and tho delicate pink of immature Lyeoijala eptden- 
drum is sni'e to command admiration. The minute forma 
which require the microscope, aa mnch to exhibit their colour 
aB their atnictnre, are not wanting in rich and delicate tints, 
BO that the col our- student would find much to charm him, and 
good practice for his pencil in these much despised examples of 
low life. 

Amongst phenomena might be cursorily mentioned the 
peculiar aarcodioid mycelium of Myxogastree, the development 
of amceboid forms fi-om their spores, and tho extraordinary 
rapidity of growth, as the well-loiown instance of the Selicularia 
which Schweinitz observed running over iron a few hours after 
it had been red hot. Mr, Berkeley has observed that the creamy 
mycelium, of Lyeogala wiD not revive after it Las become dry 
for a few hours, though bo active before. 



VI. 

THE SPORE AND ITS DISSEMINATION. 

A WORK of this character would hardly^ be deemed complete 
without some reference to the above subject, which has moreover 
a relation to some of the questions discussed, and particularly of 
spore diffusion in the atmosphere. The largest spore is micro- 
scopic, and the smallest known scarcely visible under a magni- 
fying power of 360 diameters. Taking into account the large 
number of species of fungi, probably scarcely less numerous than 
all the flowering plants, and the immense number of spores which 
some of the individuals produce, they must be exceedingly plen- 
tiful and widely difiused, though from their minuteness not easy 
to \)e discerned. It has been attempted to estimate the number 
of spores which might be produced by one single plant of I^co- 
perdon, but the number so far exceeds that which the mind is 
accustomed to contemplate that it seems scarcely possible to 
realize their profasion. Recent microscopic examinations of the 
common atmosphere* show the large quantity of spores that are 
continually suspended. In these investigations it was found that 
spores and similar cells were of constant occurrence, and were 
generally present in considerable numbers. That the majority 
of the cells were living, and ready to undergo development on 
meeting with suitable conditions, was very manifest, as in those 
cases in which preparations were retained under observation for 
any length of time, germination rapidly took place in many of 
the cells. In few instances did any development take place, 

* Canningliam, in " Ninth Annual Be port of the Sanitary Commissioner with 
the Government of India." Calcutta, 187 2. 
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beyond the formation of networks of mycelinni, or masses of 
toruloid cella, but, in one or two, distinct sporules were developed 
on the filaments arising from some of the larger septate spores ; 
and in a few others, Penieillimn and AapergiUus prodnced their 
characteristic heads of fmctification. With regard to the precise 
natnre of the spores, and other cells present in rarions instances, 
little can be said, as, nnless their devdopmeut were to be carp- 
fiillj- followed ont throngh all its stages, it is impossible to refer 
them to their correct species or even genera. The greater 
sambcr of them are apparently referable to the old orders of 
fnngi, SpTiiei-oaemei, Melaneonei, Torulacei, Dematiei, and Muee- 
dinfs, while some probably belonged to the jpueciniiei and 
Caomaeei. 

Hence it is demonstrated that a. lai'ge nnmher of the Eporea 
of fungi arc constantly present in the atmosphere, which is con- 
firmed by the fact that whenoTer a suitable pabulum ia exposed 
it is taken possession of by floating spores, and soon converted 
into a forest of fungoid vegetation. It is admitted that the 
Bpores of such common moulds as AspmyiUits and PenieHlium 
are bo widely diffused, that it is almost impossible to exclnde 
them from closed vessels, or the most carefully gaarded prepara- 
tions. Special contrivances for the dispersion of the spores in 
LAhe difierent groups follow a few general types, and it is only 
I narely that we meet with any method that is confined only to a 
Bpccies or genus. Some of the more significant forms of spores 
may be illustrated, with their modes of dissemination. 

BismiospoEEs ia a term which we may employ here to desig- 
nate all spores borne at the tips of such supports as are found 
in the Hymenomijcetei and Gaxterom^celes, to which the name 
of basidia has been given. In fact, under this section wo may 
include all the spores of those two orders, although we may be 
■ fcnorant of the precise mode in which the trait of most of the 
^^fytroffatfres is developed. Guarding ourselves at the outset 
ly misinterpretation as to the use of this terra, which, 
D fact, we employ simply to designate the fruit of Hymenomy- 
B may have excuse in our desire to limit special terms as 
( possible. In the Agarioiiti the spores are plentiful, and 
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f are distribnted over the hymenium or gill plates', the surface of 
I ■which is atudded with basidia, each of which normally ter- 
atea with four short, erect, delicate, thread-like processes, 
W each of which is sormounted by a spore. These spores are 
I colourless or coloured, and it is upon this fact that primary divi- 
[ BiODB in the genus Agaricve are based, inasmcch aa colour in the 







■ (* Afavicvi Kiifoi-MM; (0 Agarica canj^lrii. (Smith.) 

spores appears to be a permanent feature. In wh its- spored species 
the spores are white in all the individuals, not mutable as the 
colour of the pilena, or the corolla in phanerogamic plants. So 
also with the pink spored, rusty epored, black spored, and others. 
This may serve to explain why colour, which is so little relied , 
npoiiin classification amongst the higher plants shoulJ be intro- I 
I duced aa an element of classification m one of t>.e larg 
genera of fungi. 

There are considerable differences in size and form amongrt 1 
3 spores of the Agariaini, although at first globose; when J 
I mature they are globose, oval, oblong, elliptic fusiform, and I 
I'leither smooth or tnberculated, often mamtaimng lu (he difierent J 
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genera or subgenera one particular characteristic, or typiod L 
I form. It is unnecessary here to particularize all the modifioH- I 
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tiona which the form and colour of the spores undergo in dif- 
ferent Bftecies, aa thia has already "been alluded to. The spores 
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« leas variable, of a similar 
'jnyeetes., except perhaps the 



in the Polifporci, Mydnei, 
character, as in all the J 
Ti-emeUini. 

When an Agaric is matui'e, if the stem is cnt off close to the 
gills, and the pileus inverted, with the gills downwards on a 
sheet of black paper (one of the pale-spored species is best for 
thia parpoao), and left for a few honra, or all night, in that 
position, the paper will be found imprinted in the morning 
with a likeuess of the under side of the pileua with its radiating 
giUa, the spores having been thrown down npon the paper ia 
SQch profusion, from the hymeninm, and in greater numbers 
from the opposed surfaces of the gills. Thia little experiment 
will be instructive in two or three points. It will illustrate the 
facility with which the spores are disseminated, the immense 
number in which they are produced, and the adaptability of the 
gill structure to the economy of space, and the development of 
the largest number of baaidiospores from a given surface. The 
tubes or pores in Folyporei, the spinea in Hydnei, are modifica- 
tions of the same principles, producing alike result. 

In the Gasteromycelet the spores are produced in many cases, 
probably in most, if not all, at the tips of sporophores ; but the 
hymenium, instead of being exposed, aa in the Hi/menomycetes, ia 
enclosed within an outer peridinm or sac, which is sometimes 
double. The majority of these spores are globose in form, some 
of them extremely minute, variously coloured, often dark, nearly 
black, and either externally smooth or echinulate. In some 
genera, as Ennrthenema, Badhamia, &o., a definite number of 
spores are ai 6rst enclosed in delicate cysts, but these are escep- 
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tions to the general rule : this also is the case in at least one 
species of Hymenogaster. As the spores approach maturity, it 
may be observed in such genera as Stemonitis, Arcyria, Diachea, 
Diciydium, Cnbraria, Trichia, &c., that they are accompanied by 
a sort of reticulated skeleton of threads, which re- 
main permanent, and served in earlier stages, doubt- 
less, as supports for the spores ; being, in fact, the 
skeleton of the hymenium. It has been suggested 
that the spiral character of the threads in TricMa 
calls to mind the elaters in the Hepaticcd^ and like 
them may, by elasticity, aid in the dispersion of the 
spores. There is nothing known, however, which 
will warrant this view. When the spores are 
mature, the peridium ruptures either by an external 
orifice, as in Geaster, JLycoperdon, &c., or by an 
irregular opening, and the light, minute, delicate 
spores are disseminated by the slightest breath of 
air. Specimens of Oeaster and Bovista are easily 
separated from the spot on which they grew ; when 
roUing from place to place, the spores are deposited pj^ ^g ^jyi^ 
over a large surface. In the JPhalloidei the spores c?iea eiegans. 
are involved in a slimy mucus which would prevent their diffu- 
sion in such a manner. This gelatinous substance has neverthe- 
less a peculiar attraction for insects, and it is not altogether 
romantic to believe that in sucking up the fetid slime, they 
also imbibe the spores and transfer them from place to place, 
so that even amongst fungi insects aid in the dissemination of 
species. Whether or not the Myxogastres should be included 
here is matter of opinion, since the mode in which the spores 
are developed is but little known ; analogy with the TricJiogastres 
in other points alone leading to the conclusion that they may 
produce basidiospores. The slender, elastic stems which sup- 
port the peridia in many species are undoubted aids to the 
dissemination of the spores.* 

Under the name of Stylospores may be classed those spores 
which in some orders of Coniomycetes are produced at the apex 

• See **Corda Icones," tab. 2. 
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of short threads, either enclosed ia a porithecium, or seated upon 
& kind of Htromft. These arc exceedingly variable, sometimes 
largo, and mnltiseptate, at other times minnte, resembling' sper- 
matia. In such genera aa are chiefly epiphytal, in Septoria, 
Fkiflloatieta, and their allies, the minato spores are enclosed 
within merabranaceons perithecia, and when mature these are 
ejected from the orifice at the apeK, or are exposed by the break- 
ing off of the npper portion of the perithecia. In Diplodia and 
Senderaonia the spores are larger, mostly ooloared, often very 
fine in the latter gennsi 
and mnltiseptate, escaping 
from the peritliecia by a 
terminal poi-e. Probably 
the species are only pyc- 
nidia of Sphteriacei, but 
that is of no conseqnence 
in relation to onr present 
inqniry. Of stylospores 
which deserve mention on 
f account of tlioir singo- 
lanty of form, we may 
14, which are straight, and 
have two or three hair-like appendages at each extremity. Jn 
DUcosia there is a single oblique bnatle at each end, or at 
K. the side of the septate spoics, whilst in Xeoll'iospora a tuft of 

PiQ, Bl.— Sporea ol Diicoiiii. FiQ. C2,— Spore df ProiileiHii"" i«!n(;sui«. 

delicate hairs is found at one extremity only. The appendages 
vj. JDinematporium are similar to those of DUcosia. The spores 



note those of Dilophospora pai 
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in Prosfhemium may be said in some sort to resemble compound 
Hendersonitty being fusiform and mnltiseptate, often united at 
the base in a stellate manner. In this genus, as in Darluca, 
Cytispora^ and thie most of those belonging to the Melanconiei, 
the spores when mature are expelled from the orifice of the 
perithecium or spurious perithecium, either in -the form of 
tendrils, or in a pasty mass. In these instances the spores are 
more or less involved in gelatine, and when expelled lie spread 
over the matrix, around the orifice; their ultimate diffusion 
being due to moisture washing them over other parts of the 
same tree, since it is probable that their natural area of 
dissemination is not large, the higher plants, of which they 
are mostly conditions, being developed on the same branches. 
More must be known of the relations between Melanconium 
and Tulasne's sphasriaceous genus Melanconis before we can 
appreciate entirely the advantage to Melanconium and some 
other genera, that the wide diffusion of their spores should be 
checked by involving them in mucus, or their being agglutinated 
to the surface of the matrix, only to be softened and diffused by 
rain. The spores in many species amongst the Melanconiei are 






Fio. 53.— Spore of 
Steffonosparium 
ixllulotum. 



Fig. 54.— Stylospores of 
Coryneum dUc^forme. 



Fio. 55.— Spores of Asterosporium 
Hoffmanni, 



remarkably fine ; those of Stegonosporium have the endochrome 
partite and cellular. In Stilhosjpora and Coryneum the spores are 
mnltiseptate, large, and mostly coloured. In Asterosporium the 



septate, witb J^^^| 
r three hjralia^l^V 



Bpores are stellate, whilst in Pestaloxzia they are ai 
permanent peduncle, and crested above with two o 
ap])endage3. 

The Tornlacei eitemally, and to the naked eye, are very 
similar to the black moolda, and the mode of diasemi nation will 
be alike in both. The sporeH are chiefly compound, at first 
resembling septate threads, and at length breaking up into 





joints, each joint of wliiuh possesses the function of a spore. In 
some instances the threads are connate, side by side, as in Torula 
hyslerioides, and in Spe'ira, being concentrically arranged in 
laminte in the latter genus. The structure in Sporochisma is 
very peculiar, the joints breaking np within an external tube or 
membrane. The spores in Sporidetmium appear to consist of 
irregular masses of cells, agglomerated into a kind of compound 
spore. Most of the species become pnlvernlent, and the spores 
are easily diSvised through tbe air like an impalpable dast. 
They form a sort of link between the stylospores of one section 
of the Coniomyceles, and the pseudospores of the parasitical 
section. 

PsEDDOSPOKE is, perhaps, the most fitting name which can be 
applied to the so-called spores of the parasitical Coniomyceles. 
Their peculiar germination, and the production of reproductive 
bodies on the germ tubes, prOTC their analogy to some extent 
with the prothallus of other ciyptogams, and necessitate the 
nse of some term to distinguish them from such spores as are 
reproductive withott the intervention of a promycelinm. The 
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diderences beWeen these psendospores in the several genera are 
confaed ia some instances to their septation, in others to their 
mode of development. In the JEddiacei the paeudoBporea are 
more or less globose, produced in chaina within an external 
cellnlar peridinm. lu the Casomacei they are simple, sometimes 
produced in chaini?, and eometimes free, with or without a 
caduceons peduncle. In the Ustilaginei they are simple, dark 
coloured, and occasionally attached in subgloboso masses, as 
in Urocystis and Thecaphora, whioK are more or le38 compact. 




In the JPucciniiei tlie distiDctive features of the genera a 

upon the more or less complex nature of the pseodospores, which 




Fio. fll.— Pseudosporaa ol Fhragmiditlrs Pio, «S.—MilampioTa laficina. 

tulAwKTS. (Winter fruit.) 

re biloGular in Vaccinia, trilocular in Triphragmium, multil ocular 
n Phragmidium, &c. In the carious genua Podtioma the septate 



I 



paeudospores are inToIved in a gelatinotis element. The difTwH 
sion of thcEe Irnita is mora or less complete according to th^^f 
compact ov pulyemleut nature. In some species of Puceinia Jtt&U 
son are so compact that they remain attached to tbe leaves loa aB 
after they are dead and fallen. In the genus Melampsora, tuH 
wedge-shaped wintep-psendo3porea are not perfected nntil aftdH 
the dead leaves have for a long time remained and almost rotte^B 
on the ground. It is probable that their ultimate diifosion jjH 
only accomplished by the rotting and disintegration of tl^H 
matrix. In the Owomacei, Ugtilagiiiei, and /Ecidiacei the psendoX 
spores are pulvemlent, as in some species of Puocinia', and oziH 
easily diffused by the motion of the leaves in the wind, or thai 
contact of passing bodies. Their difl'usion in the atmoapharM 
seems to be much less than iu the case of the Hi/phomycelB^^ 
By what means such a species as Pitcciiiia iHa^t'OMnrMui, which h^iM 
very compact sori, has become withju so short a period diffmse^l 
over such a wide area, is a problem which in the present stat^l 
of our knowledge must remain unsolved. It may be throari^B 
minute and plentiful secondary spores. S 

Spesmatia are very minute delicate bodies found aseociatoiB 
with many of the epiphyllous Coniomycele», and it has been sn^fl 
posed aro produced iu conjunction with some of the Sphieriaea^^ 
hut their real function is at present obscure, and the name jjH 
applied rather upon conjecture than knowledge. It is by ni^| 
means improbable that spermatia do exist extensively amongsfl 
fungi, hut we must wait in patience for the history of thdH 
relationship. ■ 

TniGHOSFORES might bo applied better, pcvhaps, than cpni'ifl^B 
to the spores which are produced on the threads of the Hjjphe^^ 
mi/cetes. Some of them are known to be the conidia of highQ^J 
plants ; but as this is by no means tlio case with all, it would ^^M 
assuming too much to give the name of conidia to the wholqS 
By whatever name they may be called, the spores of ibjB 
Syphowyceles are of quite a different type from any yet men4 
tioned, approximating, perhaps, most closely to the basidiosporea 
o£ the St/menoniyeeles in some, and Gasteromi/cetes in others; 
OS, for instance, in the Sepedoniei and the Trichodci'macei. The 
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form of the spores and their size differ materially, as well as the 
manner in which they are produced on the threads. In many 
they are very minute and profuse, but larger and less plentiful 
in the Dematiei than in the Mucedines, The spores of some 
species of Selminthosporium are large and multiseptate, calling 
to mind the spores of the Melanconiei. Others are very curious, 
being stellate in Triposporium, circinate in JB.elicoma and Helico- 
coryne, angular in Gonatosporiuftiy and ciliate in Menispora cili- 
at a. Some are produced singly and some in chains, and in some 
the threads are nearly obsolete. In JPerqnospora, it has been 
demonstrated that certain species produce minute zoospores 
from the so-called spores. The dissemination of the minute 
spores of the Mucedines through the air is undoubted ; rain also 
certainly assists not only in the dispersion of the spores in 
this as in other groups, but also in the production of zoospores 
which require moisture for that purpose. The form of the 
threads, and the mode of attachment 
of the spores, is far more variable 
amongst the Mucedines than the form 
of the spores, but the latter are in all 
instances so slightly attached to their 
supports as»to be dissevered by the 
least motion. This aids also in the 
diffusion of the spores through the 
atmosphere. 

Sporangia are produced in the 
Physomycetes usually on the tips or 
branches of delicate threads, and these when mature dehisce and 
set free the minute sporidia. These are so small and uniform 
in their character that they require but a passing mention. 
The method of diffusion agrees much with that of the Mucedines, 
the walls of the sporangia being usually so thin and delicate 
as to be easily ruptured. Other modes of fructification prevail in 
some species by the production of cysts, which are the result of 
conjugation of the threads. These bodies are for the most part 
furnished with thicker and more resistant walls, and the diffusion 
of their contents will be regulated by other circumstances than 




Fig. 63. — Spores of Helicocoryne. 
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those which influence tlic dispersion of tlic minute aporidia froj 
the tenninal cysts. Probably they are more perennial 
cliaract«r, aud are assimilated mora to the oogonia of C 
and PcTonospora, being rather of the nature of resting spore 
in»(iTnuch as the same threads usually bear the terminal £ 

Thecasporbb is a term which may bo applied generally to all 
aporidia prodnced in asci, but these are in turn so innumerable 
and variable that it will be necoasary to treat of some of the 
gronps individually The Tkecasporeg, for instance, of the Tu- 
beracei offer several features whereby they may be distinguished 
from other thecaspores The asci in which these sporidia are 
generated mostly partate of a broadly saccate, ovate form. The 
nnmber of spoiidia contained in an individual ascuB is usually 
lesiS than m the nnjority of the Ascomt/eetes, and the sporidia 
ipproximate moie neaily (o tbe globose form. Usually, also, 
thev are comparatu ely large. Many have been figured by 
Corda* and Tulasni t Thvee types of spores may be said to 
pi e\ ail in the Taberacei: the smooth spored, 

#the warted or spinuloae, aud theareolate. The 
first of these may be represented by the Ste- 
pjieitsia homhj/eina, in which the globose 
sporidia are quite smooth and colourless. 
Fiu (14— Sr rid) mot iiig warted sporidia may be observed in 
Genca terrueosa, the spinnloHO in Tub^r 
nittdum, and the areol ite are present in Tuber epstiviun and 
Tuber exeotatum, m whi(,h the epispore is divided into polygonal 
alveoli, boanded by thin, menihranaceous, pro- 
minent partitions. This furm of Kporidinm is 
very beautifnl. Iii all no special provision is 
made for the dissemination of the sporidia, 
as, from their subterranean habit, none would 
be available save the ultimate dissolution 
Fm, M.— Aiveoiato of the external integuments. As they are 
.p^ium of r-i,r greedily devoured by several animals, it is 
possible hat they may be dispersed thi'oiigh the excrementa. 
• Corda, " loonee Pangonim," vol. vl. Prague. 
+ Tulasne, " Fungi HypoBiel " Paiia. 
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In the Perisporiacei the peritheciara liaa no proper ovifice, or 
\ Ofltioluin, for the discharge of the matnre sporidia, which ai« 
raally smiilJ, and are disseminated by the irregular rupture of 
\ the Bomewhat fragile conceptaclea. Tlie asci are usually more 
a Baccate, and the spoi'idia approximate to a. globose form. 
f The asci are often very diffluent. In Perkporium vuljare the 
T ovate brown sporidia are at first, and for some time, attached 
together in fours in a concatenate or beaded manner. In some 
■pecies of £r^8ipliei the conceptacle en- 
eingle sporangium, in others 
I Beveral, which are attached together at the 
I buRe. In some species the sporangia contain 
[ two, in others four, in others eigtt, and in 
others numerocs sporidia. In Ckatomium 
the asci are cylindrical, and in most cases 
the coloured sporidia are lemon-shaped. 
When the conceptacles are fully matured, 

I it is commonly the case that the asci are 
ftbsorbed and the sporidia are free in the 
interior of the conceptacles. 
Of the fleshy SUcomjfoeteg the genus 
^eziza may be taken as the type. If the 
-Btracture which prevails in this genus l>e 
brought to mind, it will be remembered 
■that the hymenium lines an expanded cup, 
and that the a^ci are packed together, aide 
by side, with their apices outwards, and 
rtheir bases attached to a substratum of cells 
hirhich form the inner layer of the recep- 
tacle. The sporidia are usually eight in 
each ascus, either arranged in single or 
double rows, or irregularly grouped to- 
gether. The asci are produced in succca- „ „. _ j^ . 
sion ; the later, pressing themselves upwards and parapbyi*. 
between those previously developed, cause *"'"' i^'""''''' 
the rupture of the mature aaci at the apex and the ejectioi 
the sporidia with considerable force. When a large /*«-;>( 




i 



apurldia, 



L 



obaiTVi'd fur a time n wliitiah cloud will be seen to ri 



^uddei 



■ 
I 



iVom the surfiicw of the disc, which is repeated ; 
whonover the specimen is moved- This clood consists of 
sporidin ejected simultaneously from several asci. Sometimes 
the ^eotod sporidia lie like frost on the snHace of the disc 
Theories Ijavo been devised to account for this sadden extmsion 
of Uie sporidin, in Ascobola^, nnd a few species of Peziza, 
of the asci also, the most feasible one heing the snceesaive 
growth of the asci ; contraction of the cnp maj also assist, ab 
well as some other less potent causes. It may be remarked 
h«r« that the sporidia in Pe:isa and S^loliua are mostly coloop- 
tesa, whilst in Ateobolut lliey pass through pink to vioiel, or 
dark brown, and the epispore, which is of a waxy nature, be- 
comes fissured in a more or le«s reticalat«d manner. 

The sporidia in ffifsleriiiM proper are usually coloured, ollen 
nitttUseptate, sometimes fenestrate, and occaeionalK- of consider- 
»Ue size. Then? is no endence that the sporidia are ever 
excluded in the same manner as in Pegtzm, 
the lips (losing over the diso aa innch as to 
|K«reat this. The diffbsina of the a porid i a 
probuUy depends on the dissofattioa at ihe 
asci, ami hence tbej wiQ not be wid^ 
dispersed, unless, perhaps, by the actaon of 

In Ijfmfmmw, ma tit two ks^ hnv kcas 

^afivte Mnafaer of m? unate 
hnd^iiHMlifia^^a 
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subqnadrate Bporidia. Other species contain linear Bporidia, 
which are often the length of the asc^s, and may either be simple 
or septate. la Spkwria ulnatpora the sporidia are abruptly bent 
at the second joint. Shorter fusiform sporidia are by no means 
nnconuuou, varying in the number of septa, and in constriction 
at the joints in different species. Elliptic or ovate sporidia are 
those of the peonliar form which may be termed 
These are either hyaline or coloored of some 
e of brown. Coloured sporidia of this kind are common in 



/ 




Xylaria and Mypoai/lon, as well as in certain species of the section 
Siiperficialea. Coloured sporidia are often large and beautiful : 
they are mostly of an elongated, elliptical form, or fusiform. As 
noteworthy may be mentioned the sporidia of MelanconU land- 



formU, those of VaUa profusa, and some species of MaMOf 
the latter being at first invested with a bjaline coat. Some 
coloured sporidia have hyaline appendages at each extremity, as 





in Melativoiiis Berkeleii, and an allied species, Melanconis bicornig, 
from the United States, also some dnng Sphariis, bs S.Jimiseda, 
included under the proposed genus Sordana* Hyaline sporidia 
occasionally e:chiblt a delicate bristle-like appendage at each 
extremity, as in the Valsa thfhhola, or with two additional cilia 
at the central constriction, as in Vtiha laleola. A peculiar form 




ito Eporldi:! uf Spharia JTmUtda. Fia. Tt.— SparldU of Falta HirlibeUi. 

of Bpondium is present in certain species of Sphterta found on 

dung, for which the generic name of Sporormia has been pro- 

* Winter, " Die DeDtscliea Sarduien" (1873). 
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L posed, in wliiuh the aporidium (as in Perisporiam vulgare) I 
■ieonaists of four coloured ovate joints, which ultimately separata. 
THultiseptate fenestrate Bporidia are not uncommon in Oueurbi- I 



Vtaria and PJeospora, as well as in Valsa feneitrata and some other 
liflpecies, lu the North American Sphwi 
Bare extraordinarily large. 

The dissemination of the sporidia 
Imay, from identity of structure in the 
rithecinm, be deemed to follow a. like 
I method in all. When mature, they are 
I in a great measure expelled from the 
L ttiouth of the pcrithecia, as is evident 
r in species with largo dark sporidia, 
r sach Bs exist in the genera Hypoxi/hrt, 
f Melaneonis, and Ma»sariit. In these 

genera the sporidia, on maturity, may 

be observed blackening the matrix 

round the mouths of the perithecia. 

As moietnre haa an evident effect 




Bion of BporiJia Ly swelling tho gelatiiioua nuoleua, it t 
be sBsumod that tliia is one of the canaea of expuisii 
therefore of aids todissemitiation. Whem Sphiei'lm are sulimittft 
to extra moisture, either by placing the twig whieh boars tht 
on damp sand, or dipping; one end in a Teasel of water,! 
Bporidia will cxnde and form a gelatinous bead at the orifiefl 
There may be other methods, and possibly the sncceaBire j 
duction of new asci may also be one, and the inoreasi 
by growth of the sporidia another; bat of this the evidence f 
scanty. 

Finally, OocosiA may be mentioned as occurring i 
genera aa Feronorpora amongst moulds, Cy»topu» e 
Uredincs, mid the Saproieqniaccis amongst the Ph^MoaiffeetA 
The zoospores being furnished with vibratile cilia, are for soia 
time active, and need only water in which to disseminate theni^ 
selves, and this is furnished by rain. 

We have briefly indicated tho characteristics of some of the 
more important types of spores to be found in fungi, and some 
of the modes by which it is known, or presumed, that their 
dissemination takes place. In this summary we have been com- 
pelled to rest content with suggestions, since an exhaustive essay 
would have occupied considerable space. The variability in the 
frnit of fiiTigi, in so far as we Lave failed to demonstrate, will be 
found exhibited in the illustrated works devoted more especially 
to the minute species.' 

•Corda, "loones Fungornm," vols. (1837-I8i2) ; Sturm, " DautwtlandB 
Flora," Filze (1811) i ^ol^i^Dei " Seleda Pangoruia Carpologin ;" Biacliofr, 
' KryptagsDienkUDde" (1860) ; Cui'da, "Anleitung sum Studium der Mjko- 
logie" (1842); FreasninB, "Beitrttgo aur Mjkologia " (1850); Neea TOn Esan- 
\xe\, ■<Daa8fB*emderPilze" (ISIS); Boaoi'den, "fiuudlui:!] derAll^emeinen 
MjtQlo»e"{18Sl). 
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GERMINATION AND aROWTH. 

In describing the structure of these organisms in a previous 
chapter, the modes of germination and growth from the spores 
have been purposely excluded and reserved for the present. It 
may be assumed that the reader, having followed us to this 
point, is prepared for our observations by some knowledge of 
the chief features of structure in the principal groups, and of the 
main distinctions in the classification, or at least sufficient to 
obviate any repetition here. In very many species it is by no 
means difficult to induce germination of the spores, whilst in 
others success is by no means certain. 

M. de Seynes made the Hymenomycetes an especial object of 
study,* but he can give us no information on the germination 
and growth of the spore. Hitherto almost nothing is positively 
known. As to the form of the spore, it is always at first 
spherical, which it retains for a long time, while attached to 
the basidia, and in some species, but rarely, this form is final, as 
in Ag, terreus, &c. The most usual form is either ovoid or regu- 
larly elliptic. All the Cojprini have tUu spores oval, ovoid, more 
or less elongated or attenuated from the hilum, which is more 
translucent than the rest of the spore. This last form is rather 
general amongst the Leucospores, in Amanita, Lepiota, &c. At 
other times tho spores are fusiform, with regularly attenuated 
extremities, as in Ag. ernmieus, Fr., or with obtuse extremities, as 

* Seynes, J. de, ** Essai d*une Flore Mycologiqae do la Montpellier," &c. 
(1863), p. 30. 
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in Aq. ru/ihms, Sch. In Si/grop1ioyits ttej are ratter iiregul 
reniform, or compressed in the centre all ronnd, Hofiniai 
given B. figure taken from Ag. clilorophanus, and Seynea ' 
it npon Ag. eeraceus, Sow. (See figures on page 131.) 

Tiie eiospore is Bometiraea ronghcned, with more or U 
jecting warts, as may bo seen in Russula, which much rescmbloi 
Lactariia in this as in some other particnlars. The 
the Dermini and the Hi/porTiodii often differ rnnch from td 
Bphierical form, la Aff.pluCevg,Fr.,ii,ndAff. pliaiocephalus, B^ 
there is already a commencement of the polygonal fopm, bat fl 
angles are much rounded. It is in Ag. aericeus, Ag. rtAelhu 
ha., that the polygonal form becomes most distinct. InZJermi" 
the angles are more or losa pronounced, and become rather acol 
in Ag. miirimit. Bow., and Ag. rani03us. Ball. The passagi 
one to the other may be seen in the stellate form of the e 
of Ngetalis. 

It is almost always the externa! memhrane that is colour^ 
which is aiibject to aa mucli variation as tho form. The i 
fine and more delicate shades are of rose, yellow-dun or y 
low, violet, ashy-grey, clear fawn colour, yellow-orar 
green, brick-red, cicuamoo-brown, reddish-brown, np to sepi 
black and other combinations. It is only by the microscope 
and transparency that one can make sure of these tints ; upon 
a sufficient quantity of agglomerated spores the colour may be 
distinguished by the naked eye. Colour, which has only a slight 
importance when considered in connection with other organs, 
acquires much in tho spores, as a basis of classification. 

With the growth of Agarics from the mycelium, or spawn, wo 
are not deficient in information, but what are the conditionB 
necessary to cause the spores themselves to germinate before our 
eyes and produce this mycelium is but too obscure. In the culti- 
vated species we proceed on the assumption that tlie spores Lave 
passed a period of probation in the intestines of the horse, and. 
by this process have acquired a germinating power, bo that when 
expelled we have only to collect them, and the excrement in which 

■flofliaan, "Ioohbb Analjtiiaa Fnugoium." 
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they are concealed, and we shall secure a crop.* Ab to other 
epeciea, we know that hitherto all attenipta to solye the mystery 
of germination and cultivation has failed. There are several 
Bpeciea which it would be most desirable to cultivate if the con- 
ditions could be discovered which are esseutial to germination. f 
In the aame manner the Boleti and Jlydnei — in fact, all other 
hymenomycetal fungi, with the exception of the TremeUini — still 
require to be interrogated by persevering experiment and close 
inquiry as to their mode of germination, but more especially as 
to the essential conditions under which alone a fruitful mycelinm 
is produced. p 

The germination of the spore has beea V 
observed in some of the TremelUni. 
Tulasne described it in Tremella vio- 
lacea.X These spores are white, unilo- 
cular, and filled with a plastic matter 
of homogeneous appearance. From some 
portion of their surface an elongated 
germ filament is produced, into which 
the contents of the reproductive cell pass 
until quite exhausted. Other spores, 
perhaps more abundant, have a Tety 
different kind of vegetation. From 
their convex side, more rarely from the 
outer edge, these particular spores emit 

a conical process, generally shorter than p,^ ^ _j^, Bsridiaxri ,p<«« 
themselves, and directed perpendicularly ot siidia ipiciiiosa.-(6) Oermi- 
to the axis of their figure. This appen- ""^'^ 'P°^' 
dnge becomes filled with protoplasm at the expense of the 

• The apoieaot Agariea which are devoured by flies, however, thoagh returned 
in their dnng in ao apparently perfeot state, are quilfl effete. It is, we believe, 
prinuipally by tho Syrpkida, which devout polien, that fungus spores are con- 

t All atlemptB at Chiswiolt tailed with some ot the more esculent apecies, and 
Mr. iDgram at Belvoir, and the late Mr. Henderson at MUton, were unsacoeBBtoI 
with native and imported spawn. 

t Tulaoie, " On the Organiiation of the Tremellini," " Ann. des. Sci. Hat" 
S^eir. xii. (1853), p. 198. 
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spore, and its (vce aud poiutud extremity fiiiiilly dilated into 
a sac, at firat globose and empty. Tiiia afterwarda admits 
into its cavity the plastic matter contained in ita snpport, 
and, increaaitig, takes exactly tJic form of a new spore, 
without, however, quite equalling in size the primary or 
mother epore. The aporo of the new formation long retains its 
pedicel, and the mother spore which produced it, hut these 
latter oi^ans are then entirely empty and extremely transparent. 
Sometimes two secondary spores are thus engendered from the 
same spore, and their pedicels may he implanted on the same or 
on different sides, SO aa to be pamllel in the former case, and 
growing in opposite directions in the latter. The fate of these 
secondaiy spores was not determined. 

In Dacri/mifcea deliquescent are found mingled amongst the 

spores immense numbers of small round or ovoid unilocular 

bodies, without appendages of aay kind, whic'h long puzzled 

mycologists. Tulasne ascertained that they ai'o derived from 

the spores of this fungus when they have become free, and rest 

on the surface of the hymenium. Each of 

the cells of the spore emits exteriorly one 

_ or several of these corpuscles, supported on 

I^Sf ) ■ very short slender pedicels, which remain 

'^r/ \ after the corpuscles are detached from 

3L them. This latter circumstance evidences 

B%^ that new corpuscles succeed the firstborn 
Kf ^^ one on each pedicel as long as there remains 
...^^.a*^ any plastic matter within the spore. Tha 

^ ^ latter, in fact, in consequence of this 

^? labour of production, becomes gradually 
"'■ emptied, and yet preserves the generative 
iOrpuBcles, even when it no longer contains any 
soHd or coloured matter. These pedicels are not all in the same 
plane, as may be ascertained by turning the spore on its longi- 
tudinal axis ; bnt it often seems to be so when they are looked 
a profile, on account of the very slight distance which then 
l^wparates them one from another. It wiU also be remarked that 
ftiey are in this case often implanted all on the Bamo side of the 
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reproductive body, and most often on its convex side. ' Their 
fecundity is exhausted with the plastic contents of the spore. 
The corpuscles, when placed in the most favourable conditions, 
have never given the least sign of vegetation ; they have also 
remained for a long time in water without experiencing any 
appreciable alteration. 

All the individuals of Dacrymyces deliquescens do not produce 
these corpuscles in the same abundance ; those which bear the 
most are recognizable by the pale tint of the reproductive dust 
with which they are covered; in others, where this dust preserves 
its golden appearance, only a few corpuscles are found. The 
spores which produce corpuscles do not appear at all apt to 
germinate. On the other hand, multitudes of spores will germi- 
nate which had not produced any corpuscles. Tiilasne remarks 
on this, that these observations would authorize us to think that 
all spores, though perfectly identical to our eyes, have not, 
without distinction, the same fate, nor doubtless the same nature ; 
and, in the second place, that these two kinds of bodies, if they 
are not always isolated, yet are most frequently met with on 
distinct individuals. This author claims for the corpuscles in 
question that they are spermatia, and thinks that their origin is 
only so far unusual in that they proceed from veritable spores. 

The whole of the Gasteromycetes have as yet to be challenged 
as to the mode and conditions of germination and development. 
It is probable that these will not materially differ from those 
which prevail in Hymenomycefes, 

The germination in JEcidium has been followed out by Tulasne,* 
either by placing the pseudospores in a drop of water, or confining 
them in a moist atmosphere, or by placing the leaves on which 
the JEcidium flourishes upon water. The pseudospores plunged 
in water germinated more readily than the others. If the con- 
ditions were favourable, germination would take place in a few 
hours, ^cidium Banunculacearum, D. C, on leaves of figwort, 
gives rarely more than one germinating filament, which soon 
attains three times the length of the diameter of the pseudospore. 
This filament generally remains simple, sometimes torulose, and 

* Tulasne, ** M6moire sur les Ur^in^." 
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diatorted in a long spire. SometimeB it has been eeen divided 
into two branches, nearly equal to each other. The spore in 
germinating empties itself of its plastic contents, contracta, and 
diminishes in size. The paeudospores of j^o'dium craasum. P., 
emit three long filaments, which describe spirals, imitating the 
twiatings of the stem of a bean or bindweed. In ^eidium VioJie, 
Schura, one filament is prodnced, which frequently rolls np its 
anterior extremity into a spire, bnt more often this same extremity 
rises in a large ovoid, irregular vesicle, which continnes the axis 
of the filament, or makes with it a more or less decided angle. 
In whatever manner placed, this vesicle attr.ietH to it all the 
orange protoplasm, and hardly does this become settled and 
complete before the vesicle becomes the starting point of a new 
development, for it begins to produce at its apes a filament, 
more slender than the previous one, stiff, and nnbranohed. 

According to M. Tulasne, the germination of the psendosporea 
of jEcidivm Eupkorbi<B on Euphorbia sylvatica differ in some 

I respects from the preceding. When dropped 

^M upon water these spores very soou emit a 

Y^*^ short tube, which ordioarDy curves in an 

X*-! ^ arch or circle, almost from its origin, attain- 

\l# ing a length of from three to six times the 

\ \ diameter of the spore ; then this tube gives 

VnJ^ rise to four spiculea, each of which pro- 
VJI duces a small obovate or reniform epomle ; 
1 j the generation of those spomlea absorbs all 
j / the plastic matter contained in the gerra- 
} I tube, which permits of the observation that 
(r" (T'y' it was divided into four cells correspond- 

\\_^if^~-^ ing with the number of spicules. These 

»Fi 81 — Qarmi ti q( sponi'^s germinate very rapidly from an 
jBcidi«m B^ipkorbia, (lyim- indefinite point of their surface, emitting a 
Hea), Tuloane. filiform process, which ifl flexnous and very 

delicate, not extending more in length than three times that of 
the long axis of the spornlo, often less, reproducing at its 
summit ft new spornle, differing iu form and size from, that 
which preceded it. This sporule of the second formation be- 
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' .comes at its apex a vital centre, and sprouta one or more linear 
buds, of wtich the elongation is -occasionally interrupted by the 
formation of vesicular swellings. Aa Tulasne observes, the 
pseudoapores of the j^cidium and the greater number of Uredinea 
are easily wotted witb water before arriving at maturity ; but 
when they are ripe, on the contrary, they appear to be clothed 
■with a greasy matter which protects them, from the liquid, 
forcing them almost all to rest ou tlio surface. 

The pseudoaporea of Scestelia are prodaced in strings or chap- 
lets, Bs in ^ciilium, with this diiFerence, that instead of being 
contiguous they are separated by narrow isthmuses. The ripe 
pseudospores are enveloped in atbick tegument, of a dark brown 
colour. They germinate readily on water, producing a filament 
fifteen times aa long aa the diameter of the spore. Thia filament 
is sometimes rolled or curved. Towards ita extremity it exhibits 
protuberances which resemble the mdimenta of ramuli, or they 
terminate in a vesicle which gives rise to a slender filament. 
The tegument of these pseudosporea, above all in those which 
3 germinated, and have consei^ucntly become more trans- 
parent, it is easy to see has many poi'CB, or round ostioles. 

In Peridermium the paeudospores, when dropped upon water, 
germinate at anypoint of their surfaee. Sometimes two unequal 
filaments isaae from the same spore. After forty-eight honra 
of vegetation in the air, the greater part had already emitted a 
multitude of thick little branches, themselves either simple or 
branched, giving to the filaments a peculiar aspect. Tulasne did 
not on any occasion observe the formation of secondary spores. 

Iln the Uredines proper tho germination seems to bo some- 
what similar, or at least not offering sufficient differences to 
warrant special reference in TTredo, 1}richohasis, Lecythea, ha. 
In Coleogporiwn there are two kinds of spores, one kind eonaiat- 
ing of pulverulent singlo colla, and the other of elongated sep- 
tate cells, which break up into obovate joints. Soon after the 
maturity of tho pulverulent spores, each begins to emit a lor 
tabe, which ia habitually simple, and produces at ita sninmit 
reproductive cellule, or reniform sporule. The orange protoplasm 
passes along the colourless tubes to tho terminal sporule at the 
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of its vegetation. The two forms of sporoB in this genuB 
oonstantlj found on the same leaf, aud in the eame pnlvinule, 
but generally the pnlTemlent spores ahound jit the commence- 
ment of the summer. The reniform sporules begin to germinate 
in a great number as soon as thej are free ; some few estend a 





Fio. 83.— GondnaMng paeudosporea ot 
■pons, or spsiuleB (Xulsane). 

filament which remains simple and uniform, but more commonly 
it forms at its extremity a second sporulo. If this does not 
become isolated, to play an independent life, the filament is 
continued, and new vesicles are repeated many times. 

In Melampsora the summer spores are of the Lecytliea type, 
and were included in that genus till their relation with Mclamp- 

a ■was clearly made out. The winter spores are in solid 
pulvinules, and their fructification takes place towards the end 
of winter or in the spring. This phet 
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production of cylindrical tubes, whicli start from the upper 
extremity of the wedge-shaped spores, or more rarely from the 
base. These tubes are straight or twisted, simple or biftircated, 
and each of them very soon emits four monos porous spicules, at 
the same lime that they become septate. The sporules are in 
this instance globose. 

In Uromyces germination follows precisely 
the same type as that of the upper cell of 
Fiiccinia ; in fact, Tulasne states that it is 
very difficult to say in what they differ from 
the Puccinicd which are accidentally unilo- 
cular. 

In Cystopus a more complex method pre- 
vails, which will be examined more closely 
hereafter. 

In Puccinia, as already observed when 
describing their structure, the pseudospores 
are two-celled. From the pores of each cell, 
which are near the central septum, springs 
a clavate tube, which attains two or three 
times the total length of the fruit, and of 
which the very obtuse extremity curves 
more or less in the manner of a crozier.* 
This tube, making a perfectly uncoloured ^^^ ^ _ ^^^^^^^^ 
transparent membrane, is filled with a pseudospore of Uromyce 
granular and very pale plastic matter at <^PJ^dicuiatus. (Tulasne.) 

the expense of the generative cell, which is 
soon rendered vacant ; then it gives rise to four spicules, usually 
on the same side, and at the summit of these produces a reni- 
form cellule. The four sporules so engendered exhaust all the 
protoplasm at first contained in the generative cell, so that their 
united capacity proves to be evidently much insufficient to con- 
tain it, the more so as it leads to the belief that this matter 
undergoes as it condenses an elaboration which diminishes its 
size. In all cases the spicule originates before the sporule which 
it carries, and also attains its full length when the sporule ap- 

* Tulasne, in hia ** Memoirs on the Uredines." 
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peafB. Tlie form of the latter is at Erst globnlor, then ellipBoid, 
and more or leas curved. All these pliasea of vegetation are 
■s.ccoinplialied in less than twelve hours, and if the spore is 
mature and ready for germina- 
tion, it is sufficient to provoke it 
hj keeping the pseiidospores in a 
humid atmosphere. Daring this 
process the two cells do not sepa- 
rate, nor does one commence ger- 
mination before the other, but 
both simultaneously. When the 
apomles are produced, the proto- 
spore, somewhat analogous to a 
prothalln.i, has performed its 
fnnctiona and decays. Towards 
the time of the falling of the 
apomles they are nearly all 
divided into four unequal cells 
by transverse and parallel septa. 
I, from any point on their surface, 
new sporule, resembling the first, 
but generally smaller. This 
sporuli) of the second genera- 
tion ordinarily detaches itself 
from its support before germi- 
nating. 

The psendospores of Triphrag- 
mium ulinariiB have been seen in 
April germinating on old leaves 
of the meadowsweet which sur- 
vived the winter, whilst at the 
same time new tufts of the spores 
were being developed on the 
leaves of the year. These fruits 
,-GormbiBiii.g pKudMpore oJ f j.j,g spTrnff vegetation wonid 

™.m..-..« tihunna. (Tulaano,) coo 

not germmate the same year. 
3 a long cylindrical filament, con- 




These sporules in time produi 
a filament, which reprodnces t 




JVVjiftrajraiiuifl Mdiinriit (Tulaano. 
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taining a brown isli protoplasm, on whicli fonr spicules, bearing 
as many sporules, are generated. 

The germination of the black fruits of Phragmidium only ap- 
pears to take place in the spring. It greatly resembles that in 
Puccinia^ except that the filament is shorter, and the sporules 
are spherical and orange-coloured, instead of being kidney- 
shaped and pale. In the species found on the leaves of the 
common bramble, the filament emitted by each cell attains three 
or four times the length of the fruit. The 
granular orange protoplasm which fills it 
passes ere long into the sporules, which 
are engendered at the extremity of pointed 
spicules. After the long warty fruits are 
emptied of their contents they still seem 
as dark as before, but the pores which are 
pierced in the sides, through which the 
germinating filaments have proceeded, are 
more distinctly visible. 

It will be observed that throughout all 
these allied genera of TJromyces^ Puccinia^ 
JOriphragmium, and Phragmidium the same 
type of germination prevails, which confirms 
the accuracy of their classification together, 
and renders still less probable the sup- 
posed affinity of IPhragmidium .with Sport- 
desmium, which was at one time held by 

., I'iii 1.1. Fio- 87. — Germinating 

very astute mycologists, but which is now pseudospore of Phragmi- 

abandoned. This study of germination dium buibomm. (Tuiasne.) 
leads also to a very definite conclusion with regard to the genus 
Uromgces — that it is much more closely related to Puccinia and 
its immediate allies than to other unicellular Uredines. 

The germination of the pseudospores of the gelatinous Ure- 
dines of the genus Podisoma was studied by Tuiasne.* These 

* Mr. Berkeley has lately published a species under the name of P. Ellisiiy 
in which the gelatinous element is scarcely discernible till the plant is moistened. 
There are two septa in this species, and another species or form has lately been 
received from Mr. Ellis which has much shorter pedicels, and resembles more 
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pretended spores, ho writes, are furmed of two large conicsl cell^ 
opposed by their base and easilj eeparating. They vary in length. 
The membrane of whioh they are formed ia thin and completely 
oolourleKS in most of them, though mnch thicker and coloored 
brown in others. It is principally the spores with thin mem- 
branes that emit from near th« middle very obtuse tabes, into 
which by degrees, as they elonD;ate, the contents of the parent 
ntricles pass. Each of the two cells of the supposed spore may 
originate near its base four of these tubes, opposed to each other 
at their point of origin, and their subsequent direction ; but it ia 
rather rare for eight tubes, two by two, to decusaato from the 
same spore or basidium. Usually there are only two or three 
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which are completely developed, and these tend together towards 
the surface of the fungus, which tbey pass, and expand at liberty 
in the air. The tubes generally become thicker by degrees as 
they elongate, some only slightly exceeding the length of the 
protospores. Others attain three or four times that length, 
according to the greater or leas distance between the protospore 
and the surface of the plant. In the longest tubes it is easy to 
observe how the colouring matter passes to their outer extremity, 
t is cliieSy diatiDgniahed b; its TCTiTCEoont 
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leaving the portion nearest to the parent cell colourless and 
lifeless. When nearly attaining their ultimate dimensions, all 
the tubes are divided towards their outer extremity by transverse 
septa into unequal cells ; then simple and solitary processes, of 
variable length and form, but attenuated upwards, proceed from 
each segment of the initial tube, and produce at their extremity 
an oval spore (teleutospore, Tul.), which is slightly curved and 
unilocular. These spores absorb all the orange endochrome from 
the original tubes. They appear in immense numbers on the 
sarface of the fungus, and when detached from their spicules 
fall upon the ground or on any object which may be beneath 
them. So freely are they deposited that they may be collected 
on paper, or a slip of glass, like a fine gold-coloured powder. 
Again, these secondary spores (teleutospores) are capable of 
germination, and many of them will be found to have germinated 
on the surface of the Todisoma whence they originated. The 
germ filament which they produce springs habitually from the 
side, at a short distance from the hilum, which indicates the 
point of attachment to the original spicule. These filaments 
will attain to from fifteen to twenty times the diameter of the 
spore in length before branching, and are in themselves exceed- 
ingly delicate. The tubes which issue from the primary spores 
(protospores, Tul.) are not always simple, but sometimes forked ; 
and the cells which are ultimately formed at their extremities, 
though producing filiform processes, do not always generate 
secondary spores (teleutospores) at their apices. This mode of 
germination, it will be seen, resembles greatly that which takes 
place in Puccinia, 

The germination of the Ustilagines was in part examined by 
Talasne, but since has received accessions through the labours 
of Dr. A. Fischer von Waldheim.* Nothing, however, of any 
importance is added to our knowledge of the germination of 
Tllletia^ which was made known as early as 1847.t After some 

* Von Waldheim, on the ** Development of the Ustilagineee," in ** Piingsheim's 
Jahrbucher," vol. vii. (1869) ; translated in ** Transactions of N. Y. State 
Agricultural Society for 1870." 

t Berkeley, on the "Proragation of Bunt," in "Trans. Hort. Soc London," 



150 FCNSI. 

days a little obtuse tube is protruded tlirongh the epispore, 
bearing at its apex long fusiform bodies, which are the eporoles 
of the first generation. These conjugate by means of abort 
trfinsverse tubes, after the manner of the tbreu.da of Zygnema. 
Afterwards long elliptical 
sporules of the second gene- 
ration are produced on short 
pedicels by the conjugated 
fusiform bodies of the first 
generation. (Fig. 89, M.) 
Ultimately these sporules of 
the second generation germi- 
nate, and generate, ou short 
spicules, similar sporules of a 
third generation. {Fig. 89, 

lu Un/ilago (Jlosculorum) 
germination takes place 
, readily in warm weather. The 
rniBiia curia with Bcmnd-rj apjres In con- germ tube is rather smaller 
lugidon. (TuL) ^^_ j^g ^^g j.1j3^„ further on. In 

from fifteen to eighteen houra the contents become coarsely 
granular ; at the same time little projections appear on the 
tnbe which are narrowed at the base, into -which soma of the 
protoplasm passes. These ultimately mature into sporules. 
At the same time a terminal sporule generally appears on the 
threads. Secondary sporules frequently grow fi'om the primary, 
which are rather smaller, and these occasionally give rise to a 
third generation. 

In VroeifsHz (pompholi/godes) the germinating tubes spring 
exclusively from the darker central cells of the clusters. From 
these are developed at their extremity three or four linear 
bodies, as in Tilleiia, but after this no further development has 
as yet been traced. It may be remarked here tliat Waldheim 
observed similar conjugation of the sporules in some species of 
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Ustilago as have been remarked in the sporules of the first 
generation in Tilletia. 

Returning to Cystopus^ as the last of the Uredines, we must 
briefly recapitulate the observations made by Professor de Bary,* 
who, by the bye, claims for them an affinity with Peronospora 
(Mucedines but too well known 
in connection with the potato 
disease), and not with the Ure- 
dines and their allies. In this 
genus there are two kinds of 
reproductive organs, those pro- 
duced on the surface of the plant 
bursting through the cuticle in 

white pustules, and which De Fio. 90.— Pseudospore of mtUapo recep- 
Bary terms COnidia, which are to.c^orum iu germination, and Eecondary 
•^ , _ . - . , . . spores in conjugation. (Tul.) 

generated m chains, and certain 

globose bodies termed oogonia, which are developed on the 
mycelium in the internal tissues of the foster plant. When the 
conidia are sown on water they rapidly absorb the moisture, and 
swell; the centre of one of the 
extremities soon becomes a large 
obtuse papilla resembling the 
neck of a bottle. This is filled 
with a granular protoplasm, in 
which vacuoles are formed. 
Soon, however, these vacuolea 
disappear, and very fine lines of 
demarcation separate the pro- 
toplasm into from five to eiffht FiQ. 91.— Conidia and zoospores of Cm- 
^ , _ , topxLS Candidas; a. conidium with the 

polyhednc portions, each pre- plasma divided ; 6. zoospores escaping ; 
.• Tiii I* ' L^ ^ J c. zoospores escaped from the conidium; 

Sentmg a little tain tJ y-COlOUred </. active zoospores ;e. zoospores, having lost 

vacuole in the centre (a). Soon *^^^ "^^' commencing U> germinate. 

after this division the papilla at the extremity swells, opens itself, 
and at the same time the five to eight bodies which had formed 
in the interior are expelled one by one (5). These are zoospores, 

* De Bary, " Recherches," &c. in " Annales des Sciences Naturelles " (4"® 
s^r.), XX. p. 5 ; Cooke m " Pop. Sci. Key." lit. (1864), p. 459. 
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■which at first take a lenticular form, and group themaelrea hcfure 
the mouth of the parent cell in a globose masa (c.) Very soon, 
however, they begin to move, and then vibratile cilia show them- 
bbIvbs {<!), and by means of tlieao appendages the entire globolo 
moves iu an oscillating manner as one by one the zoosporea 
disengage themselves, each becoming isolated and swimming 
freely in the surrounding flaiJ. The movement is precisely 
that of the zoospores of Algte. 

The generation of the zoospores commences within from an 
hour and a hn,1F to three hoars after the sowing of the conidia on 
water. FiBm the oogonia, or resting spores, similar zoospores, 
but in greater number, are generated in the same manner, and 
their conduct after becoming free is identical. Their movementa 
in the wafer usually last from two to three 
hoars, then they abate, the cilia disappear, 
and the spore becomes immovable, takes a 
globose form, and covers itself with a 
membrane of cellulose- Afterwards the 
spore emits, from any point whatever of its 
Burface, a thin, straight or flesuous tube, 
which attains a length of fi-om two to ten 
times the diameter of the spore. The ex- 
tremity becomes clavate or swollen, after 
Pia. («.-Bfflting apore *e manner of a vesicle, which receives by 
of csttopm ca-ndidiu with degrees the whole of the protoplasm. 
BODspores eacapeii. -j-j^ Bary then proceeds to describe experi- 

ments which he had performed by watering growing plants 
with these zoospores, the result being that the g'erininalMig 
tubes did not penetrate tho epidermis, but entered by the 
stomates, and there put forth an abundant mycelium whicH 
traversed the intercellular passages. Altogether the germina- 
tion of these conidia or zooepores offers so m.ajiy differences 
from the ordinary germination of the Uredines, and ia so like 
that which prevails in Peronospora, in addition to the fact of 
both genera producing winter spores or oogonia, that we cannot 
feel surprised that the learned mycologist who made these 
observations should claim for Cyatopug an aflinity with Perono- 
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spora rather tlian wifcli the plants so long associated with it 
amongst the Coniomycetes, 

In passing from these to the Mucedines, therefore, we cannot 
do so more naturally than by means of that genus of white 
moulds to which we have just alluded.. The erect branched 
threads bear at the tip of their branchlets spores, or conidia, 
which conduct themselves in a like manner to the organs so 
named in Gyatopus, and oogonia or resting spores developed on 
the mycelium within the tissues of the foster plant also give 
origin to similar zoospores. 

The conidia are borne upon erect, elongated filaments, origi- 
nating from the creeping mycelium. These threads are hollow, 
and rarely septate; the upper portion divided into numerous 
branches, and these again are subdivided, the ultimate ramuli 
each terminated by a single conidium. This body when mature 
is oval or elliptical, filled with protoplasm, but there is a diver- 
sity in their mode of germination. In the greater part, of 
which P. effusa may be taken as an example, the conidia have 
the function of simple spores. Placed in favourable conditions, 
each of them puts forth a germ-tube, the formation of which 
does not differ in any essential point from what is known of the 
spores of the greater part of fungi. 

The short oval conidia of P. gangliformis have little obtuse 
papillflB at their apex, and it is at this point that germination 
commences. 

The conidia of P. densa are similar, but the germination is 
different. When placed in a drop of water, under favourable 
circumstances, the following changes may be observed in from 
four to six hours. The protoplasm, at first uniformly distributed 
in all the conidia, appears strewn with semi-lenticular, and nearly 
equidistant vacuoles, of which the plane face is immediately in 
contact with the periphery of the protoplasm. These vacuoles 
number from sixteen to eighteen in P. macrocarpa^ but are less 
numerous in P. densa, A short time after the appearance of the 
vacuoles the entire conidium extends itself so that the papilla 
disappears. Suddenly it reappears, elongates itself, its attenu- 
ated membrane vanishes, and the protoplasm is expelled by 
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UiG nfliTow opening that remains in pla 
normal cases the protoplasm remains nnitt 
showa a clear bub very delicate outline, 
the (rout of the opening in the eonidium, ■ 
movable. In P, densi 



;b of the pnpilla. 

3 in a single mass that'" 
When it haa reaeLed 

?hich is thus emptied, 

. it is at first of a very 
irrognlar form, but assumes by degrees a regular globose shape. 
This is deprived of a distinct membraue, the vacuoles that disap- 
peared in the espulsion again become visible, but soon disappear 
for a second time. The globule becomes Burrounded with a 
membrane of cellulose, and soon pats out from the point oppo- 
site to the opening of the eonidium a thick tube which grows in 
the same manner as the germ-tube of the eonidia in other 
species. Sometimes the expulsion of the protoplasm ia not com- 
pletely accomplished ; a portion, of it rcniainitig iu the membrane 
of the eonidium detaches itself from the expelled portion, and 
while this is undergoing changes takes tjie form of a vesicle, 
which is destroyed with the membrane. It is very rare that the 
protoplasm is not evacuated, and that the couidia give out ter- 
minal or lateral tubes in the manner that is normal to other 
species without papillce. The germination just described does 
not take place unless the eonidia are entirely surrounded by water ; 
it ia not sufficient that they repose upon it-a surface. Besides, 
there is another condition which, without being indispensable. 
Las a sensible inflaence on the germination of P. macrocarpa, and 
that is the exclusion of light. To ascertain if the light or the 
darkness had any influence, two equal sowings were placed side 
by aide, the one under a clear glass hell, tho other under a 
blackened glass belL Repeated many times, these experiments 
always gave the same result — germination in from four to six 
hoars in the eonidia under the blackened glass ; no change in 
those ander the clear glass up to the evening. In the morning 
germination was completed. * 

The eonidia of P. uvilellifhrarum and P. infestans* show 

an analogous structure. These bodies, if their development be 

normal, become zoosporangia. When they are sown upon water, 

one sees at the end of some hours the protoplasm divided by 

* Tliis IE the inauM wMuh produses ths potiita inurrain. 



I 

I 



I 



OEEMINATION AMD GROWTH. 155 ' 

very fine lines, and each of the parts furnished with £ 
central yacuole. Then the papilla of the conidium diaappeai^. 
In its place appears a rounded opoaiug', by which the parts of I 
the protoplasm are expelled rapidly, one after the other. Each. , 
of these, when free, inamcdiately takes the form of a perfect 
Boospore, and oommeuces to agitate itself. In a few momenta ' 
the sporangium is empty and the spores disappear from the field ' 
of the microscope. 

The zoospores are oval or semi-oval, and in P. infestans the 
two cilia spring from the same point on the inferior border of 
the vacuole. Their number in a sporangium are from six to six- 
teen in P. infesfang, and from six to fourteen in P. umhelUfe- 
rarum. The movement of the aoospores ceases at the end of I 
from fifteen to thirty minutes. They become motionless, cover ' 
themselvea with a membrane of cellulose, and push out slender 
bent germ.tubes which are rarely branched. It is but a 
that two tubes proceed from th« same spore. The san 
velopment of the zoospores in P. infestans is favoured by the 
esclnsion of tho light. Piciced in a position moderately lighted | 
or protected by a blackened bell, the conidia very readily pro- 
duced zoospores. 

A second form of germination of the conidia in P. infestang, 
when sown upon a humid body or on the surface of a drop of 
■water, consists in the coiiidinm. emitting from its summit a i 
simple tube, the extremity of which swells itself into the form ' 
of an oval vesicle, drawing to itself, little by little, all the pro- 
toplasm contained ia the conidinm. Then it isolates itself from i 
the germ-tube by a septnm, and takes all the essential character- 
istics of tho parent couidiom. This secondary conidium ( 
sometimes engender a third cellule by a similar process. These 
secondary and tertiary productions have equally the character of 
sporangia. When they are plunged into water, the ordinary pro- , 
dnction of zoospoi-es takes place. 

Lastly, there is a third mode of germination which the conidia 
of P. infestans manifest, and which consists in the conidium 
emitting from its summit a simplfl or branched germ-tube. This | 
grows in a. similar manner to the conidia first named as < 
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species as P. ejfusa. The oonditiona which control this foi-ni 
uf gemiinatioa cannot be indicated, smce some conidia nhich 
germinato after this manner will sometimes be found raisod 
with others, the majority of which furnish zoospores. It may 
be that the conidia themselves are in some sort of abnormal 
condition. 

In all the Bpecies examined the conidia possess the power of 
germination from the moment of their mataritjr. The yonnger 
tliey are the more freely they germinate. They can retain this 
power for some days or weeks, provided they are not entirely 
dried. Dessication in an ordinary temperature seemed sufficient 
to destroy the faculty of germinating in twenty-four hours, when 
the conidia had been removed from the leaves on which they 
were produced. They none of them retained the faculty during 
a few months, hence they cannot preserve it dnring the winter. 

The germs of Peronoepora enter the foster plant if the spores 
ose. sown upon a part suitable for the development of the 
paiasite. It ia easy to convince one's self that the mycelium, 
springing from the penetrating germs, Booa takes all the 
characters that are found in, the adult state. Besides, when 
cultivated fur some time, conidiiphoroua branches can be seen 
growing, identical with those to which it owes its origin. Such 
cultivation is so readily accomplished that it can be made upon 
cnb leaves preserved fi-esh in a moist atmosphere. 

In the species of Peronospora that inhabit perennial plants, or 
unnaal plants that last through the winter, the mycelium hidden 
in the tissues of the foster-plant lasts with it. In the spring it 
rocoraraences vegetation, and emits its branches into the newly- 
formed organs of its host, there to fructify. The Peronospora 
of the potato is thus perennial by means of its myceHum con- 
tained in the browned tissue of the diseased tubers. When in 
the spring a diseased potato begins to grow, the mycelium rises 
in the stalk, and soon betrays itself by b]ackii<h spots. The 
parasites can fructify abundantly on these little stalks, and in 
consequence propagate themselves in the new season by the 
conidia coming fi'om the vivacious mycolium. 

The diseased tubers of the potato always contuin the myce- 
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linm of P. iufesfans, which never fructlGes thero as long as 
skin of the tuber is intact. But -when, in cutting the tuber, the ' 
parenchyma occupied by the mycelium iB exposed to the contact | 
of the air, it covers itself with conidift-bearing' branches at the i 
' enil of from twenty -fonr to forty-eight Lonra. Analog^oua resulta 
re obtained with the stalks of tbe potato. It is evident that 
1. those experiments nothing is changed except the contact of j 
ae air; the Specific conditions particularly remain the same. 
I It appears, therefore, that it is this contact alone which det«r- \ 
I mines generally the production of the conidiiferous branches.* 
The mode of germination and development in the Mucors baa 1 
)een studied by several observers, but most recently by Van I 
t Tiegbem and Le Monnier.t In one of tlie common forms, the J 
I Jifiicor phi/comi/ees of some aathors, and the Phi/comycea nilena I 
I .of others, the process is given in detail. In this species germi- 
r nation will not take place in ordinary water, but it readily tekea ] 

'a orange juice and other media. The spore loses colour, 
[ swells, and absorbs fluid around it until double its original size 
[ and ovoid. Then a thick thi'ead is omitted from one or both 
I -extremities, which elongates and becomes branched in a pinnate 
Sometimes the exospore is ruptured and detached 
E loosely from the germinating spore. After about forty-eight 
Ihoars from the first sowing, t!io mycelium will send branches 
I into the air, which again become abundantly branded ; other 
short submerged branches wiU alao remain simple, or have tnft- 
like ramifications, each terminating in a point, so as to bristle 
with spiny hairs. In two or three days abruptly swollen 
branches, of a -club shape, will make their appearance on the 
threads both in the air and in the fluid. Sometiraca these 
branches are prolonged into au equal number of sporangia- 
bearing threads, bat most frequently they divide first at their 
swollen summits into numerous branches, of which nsaally one, 
■ Da Barj, " CTiampignons paraaitiqnMj" in " Annalas des Sei. Kat." (4™ 
Bar.), XI, p. fi ; Cooke, "Microscopic Fungi,'' <=>?' K'- P- 13^ ; " Popular Science 
^ Tteriew.-m. 183 0364). 

t Tan Tieghem and Le Monnier, " Keaearches on Huoorioi," in "Add. dei 
I Nat." (1ET3), ivli. p. 201 ; Sammarj in "Qaart, Jourii. Micro. Sdenoe" 



Somotimes two or lliree, develop into eporaugia-bearing thj 
while the rest are short, pointed, and form a tuft of rootleta. 
Sonietimea these rootlets reduce tliemselvea to one or more 
rounded protuberances towards the base of the sporangia-hear- 
ing threads. 

There ai-e often also a certain nnmhei" of the branches 
which had acquired a clavate shape, and do not erect 
themselves above the surface, -instead of producing a fertile 
thread, which would seem to have been their first intention, 
become abruptly attenuated, and arc merely prolonged into a, 
mycelial filament. Although in other species chlamydospores 
are formed in snch places on the mycelium, nothing of the kind 
has been traced in this species, more than here indicated, Occa- 
aionally, when germination is arrested prematnrely, certain 
portions of the byphse, in which the protoplasra maintains its 
vitality, become partitioned off. This may be interpreted as a 
tendency towards the formation of chlamydoaporea, but there ia 
no condensation of protoplasm, or investiture with a special 
membrane. Later on this isolated protoplasm ia gradually 
altered, sepamting into sociewhat regular ovoid op fusiform 




PiQ, M.— ZygDsporoa of STacor fhy«imy<a, (Van TJeghsm.) 

granules, which have, to a certain extent, the appearance of a] 
tt an aacns, hut they seem to be incapable of germinatioB. 
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Another metliod of reproduction, not uncommon in Mucorini, 
is described by Yan Tieghem in this species. Conjugating 
threads on the substratum by degrees elaborate zygospores, but 
these, contrary to the mode in other species, are surrounded by 
curious branched processes which emanate from the arcuate cells 
on either side of the newly-developed zygospore. This system 
of reproduction is again noticed more in detail in the chapter 
on polymorphism. 

M. de Seynes has given the details of his examination of the 
sporidia of Morchella esculenta during germination.* A number 
of these sporidia, placed in water in the morning, presented, at 
nine o'clock of the same evening, a sprout from one of the 
extremities, measuring half the length of the spore. In the 
morning of the next day this sprout had augmented, and 
become a filament three or four times as long. The next day 
these elongated filaments exhibited some transverse divisions 
and some ramifications. On the third day, the germination 
being more advanced, many more of the sporidia were as com- 
pletely changed, and presented, in consequence of the elongation, 
the appearance of a cylindrical ruffle, the cellular prolongations 
arising from the germination having a tendency towards one of 
the extremities of the longer axis of the sporidium, and more 
often to the two opposed extremities, either simultaneously or 
successively. Out of many hundreds of sporidia examined 
during germination, he had only seen a very few exceptions to 
this rule, among which he had encountered the centrifugal 
tendency to vegetate by two opposed filaments, proving that if 
it bears a second by the side of the primal filament situated at 
one of the poles, a second would also be seen from the side of 
the filament coming from the opposite pole. 

Before being submitted to the action of water, the contents 
of the sporidia seemed formed of two distinct parts, one big 
drop of yellow oil of the same form as the sporidium, with 
the space between it and the cell wall occupied by a clear liquid, 
more fluid and less refractive, nearly colourless, or at times 
slightly roseate. As the membrane absorbed the water by 

* Seynes, ** Essai d'une Flore Myoologiqne.*' 
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which it was snrrouncled, the quantity of thia clear liquid waa 
angraented, and the rosy tint; could be more easily diatingniBhed. 
AU the contents of the spore, ■which up to this time renidined 
divided into two parts, presented altogether one aspect, only con- 
taining numerous granulations, nearly of equal size, completely 
filling it, and reaching the inner face of the sporic membrane. 

After thia time the aporiilinm augments in size very rapidly, 
becoming at times irregular, and sometimes even as mnch as 
from two to three times its original dimensions, then there 
appears at the surface, usually at one of the poles of the ellipse, 
A sniaH prominence, with an extremely fine membrane, which 
does not appear to separate itself from that which surrounds the 
sporidinm, and it is difficult to my whether it is a prolongation 
of the internnl membrane going across the outside, or simply a 
prolongation cansed by a continnation of tisane of an nnique 
membrane. Sometimes there may be seen at the point where 
the primai filament issues from the sporidium a circular mark, 
which appears to indicate tJiG rupture of the external membrane. 
From tbia time another change comes over the contents. We 
^ain find the yellow oily Liquid, now occupying the eiternal 
position, with some drops of colourless or roseate liquid in the 
centre, so that the oily liquid and the more limpid fluid, 
interchange the posiiinng which they occupied previous to 
the commencement of germination. Whether these two fluids 
have undergone any change in their constitntion is difficult to 
determine, at all events the oily liquid appears to bo less refrac- 
tive and more granular, and it may be that it is a product of 
new formation, containing some of the elements of the primitive 
oily drop. Having regard to the delicate character of the mem- 
brane of the germinating filamentB, De Seynes supposed that it 
might otfer greater facility for the entrance of water by endos- 
niose, and account for the rapid enlargement of the sporidia. By 
a series of experiments he became satisfied that this was tha 
case to a considerable extent, but he adds: — "I cannot help 
Bupposing that a greater absorption of greasy matter in the cell 
which is the first product of germination raises an objection 
an aqneons eudoamose. One can also see in this experience 
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proof of the existence of two special membranes, and so suppose 
that the germinative cell is the continuation of the internal 
membrane, the external membrane alone being susceptible of 
absorbing, the liquids, at least with a certain rapidity." 

In other Discomycetes germination takes place in a similar 
manner. Boudier * narrates that in Ascoholus, when once the 
spore reaches a favourable place, if the circumstances are good, 
i.e., if the temperature is sufficiently high and the moisture 
sufficient, it will germinate. The time necessary for this pur- 
pose is variable, some hours sufficing for some 
species ; those of A. viridis, for example, germi- 
nate in eight or ten hours, doubtless because, 
being terrestrial, it has in consequence less heat. 
The spore slightly augments in size, then opens, 
generally at one or other extremity, sometimes at 
two, or at any point on its surface, in order to 
pass the mycelium tubes. At first simple, with- 
out septa, and granular in the interior, above 
all at the extremity, these tubes, the rudiment of 
the mycelium, are not long in elongating, in 
branching, and later in having partitions. Th'ese 
filaments are always colourless, only the spore 
may be coloured, or not. Coemans has described 
them as giving rise to two kinds of conidia,f the Fio. 94. — Spori- 
one having the form of Torula, when they give ^*"°'. °1. ^*^<>«'o^«» 

°. » ./ o germinating. 

rise to continuous filaments, the other in the form 
of JPenicillium, when they give birth to partitioned filaments. 
De Seynes could never obtain this result. Many times he had seen 
the Penicillium fflaucuminvsidehia sowings, but he feels confident 
that it had nothing to do with the Ascobolus, M. WorouinJ 
has detailed some observations on the sexual phenomena Which 
he has observed in Ascobolus and Peziza, and so far as the scole- 
cite is concerned these have been confirmed by M. Boudier. 

* Boudier, "M^moire sur rAscoboles," pt. i. iv. f, 13-15. 
+ Coemans, ** Spicilege Mycologique," i. p. 6. 

t Woronin, •'* Abhandlungen der Senchenbergischen Naturfor. Gesellschaft *' 
(1865), p. 333. 
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There is no reason for doubt that in other of the Discomycetes 
the germiDation of the sporidia is very similar to that already 
seen and described, whilst in the Fyrenomycetes^ as far as we are 
aware, although the production of germinating tubes is by no 
means diflBcult, development has not been traced beyond this 
stage.* 

* In the very important observations made by Dr. Cunningham at Oalcutta, on 
substances floating in the atmosphere, it appeared that the sporidia of many 
SphcBTiOR actually germinated after being taken up by the air. The multitude 
of fungus spores which were obserred in every case was quite eztraordinaiy. 



vm. 

SEXUAL REPRODUCTION. 

Tab existence of some sort of sexual reproduction in Fungi has 
long been suspected, although in earlier instances upon insuf- 
ficient grounds ; but of late years observations have multiplied 
and facts accumulated which leave no doubt of its existence. If 
the Sa^rolegnicB are left out of the question as disputed Fungi, 
there still remain a number of well authenticated instances of 
the phenomena of copulation, and many other facts which 
indicate some sort of sexual relationship. The precise manner 
in which those minute bodies, so common amongst the 
SphcBronemei, which we prefer to call stylospores, perform 
their functions is still to a great extent a mystery; yet it is 
no longer doubted that certain species of AposplicBria, JPhoma, 
Septoria, &c., are only conditions of some species of SphcBria, 
often developed and matured in close proximity to them on the 
same host. In JEcidium, JRoestelia^ &c., spermogonia are produced 
plentiftilly on or near the same spots on which the fructification 
appears, either simultaneously or at a later period.* The rela- 
tion of Cytispora to VaUa was suspected by Fries very many 
years ago, and, as since demonstrated, with very good reason. 
All attempts, however, to establish anything like sexual repro- 
duction in the higher forms of Hymenomycetes have at present 
been unsuccessful ; and the same may be said of the Gasteromy- 
cetes; but in Ascomycetes and Physomycetes instances abound. 
We know not whether any importance is to be attached to the 

* M. Tulasne has deroted a chapter to the spermogonia of the Uredines in his 
memoir, to which we have alreadj alluded. 
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views of M. A. S. CErsted,* wliieh Lave not since been c 
firmed, but which have been cited with some approval by P 
feSBor do Bary, as to a trace of sexual organs ia Htimenomyeci 
He is supposed to have seen in Agaricus variabilis, P., 
or elongated reniforra cells, which spring up like mdimenta 
branches of the filaraentB of the mycelimii, and enclose a 
dant protoplasm, if not erca a nucleus. At the base of tht 
oocysts appear the presumed antheridia, that is to say, one or ti 
slender filaments, which generally tnro their extremitloa toward 
the oocysts, and which more rarely are applied to them. Thai 
without ulteriorily undergoing any appreciable modifications, t^M 
fertile cell or oocyst becomes enveloped in a network of filai- 
menta of mycelium which proceed from the one which bears it, 
and this tissue forms the radiments of the cap. The reality of 
some kind of fecundation in this circumstance, and the mode of 
(he phenomena, if there ia one, are for the present eciually un- 
certain. If M. CErsted's opinion is conQrmed, natarally the 
whole of the cap will bo the product of fecundation. Probably 
Kacsten (Bonplandia, 18G2, p. 63) saw soraotbing similar ia 
AgaricKs campeslris, but his account is obscure. 

In Fhjfcomyeei the organs of reproduction have been subjected 
to close examination by Van Tieghem,t and although he failed 
to discover chlamydospores in this, he describes them in other 
Mucors. In this species, besides the regular sexual develop- 
ment, by means of sporangia, there is a so-called sexual repro- 
duction by means of zygospores, which takes place in this wise. 
The threads which conjugate to form the zygospores are slender 
and erect on the surface of the substratum. Two of these 
threads come into close contact through a cotisiderahle length, 
and clasp each other by alternate protuborunces and dopreasiona. 
Some of the protnherimces are prolonged into slender tubes. At 
iho same time the free extremities of the threads dilate, and arch 

• (EijiBted, in "Vprliandl darESaig. £Sa. Seselt. DerWi3aeiisch,"lst January, 
1B65; Da Bary, " Handbueh der Phjaiol. Botanik" (1S66), p. 172; " Annales 
dcs Sci. Nat." (5"' i&v.), tol. v. (1866), p. 300. 

+ Van Ticglieiii and Lo Moiinier, in " Anoilea dca Sd Kit." (1873), toL uli, 
p. 281. 
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over one toivarda tbe other imtiL their tops touch liko a rice, 
.leach limb of which rapidly increases in size. Each of these i 
Tftrcuate, clavate cells has now a portion of ita extremity isolated I 
by a partition, by means of which a new hemispherical cell is I 
formed at the end of each thread at ita point of junction with I 
the opposed tlu^ead. These cells become afterwards cylindricEJ f 
by pressure, the protoplasm is aggregated into amass, the doable j 
ibrane at the point of first contact is absorbed, and the two I 
confluent masses of protoplasm form a zygospore invested witb J 
a tubercular coat and enveloped by tbe primary wall of the two | 




Fio. 85.— KygoBpora ot iTucor jjAjemiytti. 

1 conjugating cells. During this formation of the zygospore, th» I 

[ two arched cells whence the zygospore originated develop t 

I series of dichotomous processes in close proximity to the walla i 

which separata them from the zygospore. These processes J 

appear at first on one of the arcuate cells in successive order. 

e first makes its appearance above upon the convex side j the 

, succeeding ones to the right and left in descending order ; the 

I last is in the concavity beneath. It is only after the development 

if this that the first process appears on the opposite cell, which is 

followed by others in the same order. These dichotomoas pro- 

I cesses are nothing more than branches developed from the arcuate, 

) or mother cells. During all these changes, while the zygospore 
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enlarges, the wall of the arcnafce cells bocomes colonred browi 
Thia colouring ia more marked on tlie convcs side, and it show™ 
jlaelf first in the cell on which the dichotocnoiia branches are 
first produced, and which retains the darker tint longer than the 
other. The zone from whence the procoBsea issue, and also' the 
processes themselves, have their walls blackened deeply, while 
the walls of the conjugated cells, which continue to clothe the 
zygospore during the whole of its development, arc bluish-black. 
By pressure, the thin brittle coat which envelopes the zygospore 
is ruptared, and the coat of tho zygospore exposed, formed of a, 
thick cartilaginous membrane, studded with large irregnlar warts. 

The germination of the zygospores in this species has not as 
yet been observed, but it is probably tho same or very similar to 
that observed in other species of Mucor. In these tho rough, 
tnberculate epi^pore splits on one side, and its internal coat 
elongates itself and protrudes as a tube filled with protoplasm 
and oil globules, terminating in an ordinary sporangium. 
IIsna!ly the amount of nutriment contained in the zygospore 
ia exhausted by the formation of tho terminal sporangium, ao- 
cording to Brefcld ; • but Van Tieghem and Le Monliier remark 
that in their cxatni nations they have often Been a partition 
formed at about a third of the length of the principal filament 
from the base, below which a strong branch is given ofi", and 
thia is also terminated by a largo sporangiam. 

Do Bary haa given a precise acconnt of the foi'mation of the 
zygospore in another of the Mncors, Shigopus nigricans, in which 
he says that the filaments wliich conjugate are solid rampant 
tubes, vfliich are branched without order and confusedly int'er- 
mingled. Where two of these filaments meet each of them 
pushes towards the other an appendage which ia at first cylin- 
drical and of the same diameter, i'roni the first these two 
processes are applied firmly one to the other by their extremities ; 
they increase in size, become clavate, and constitnto together 
tk fusiform body placed across the two conjugated filaments. 
Between the two halves of thia body there exists no constant 
ize ; often they ai'e both perfectly equal. In each 



* BreWcl, "Bot. Uat. itber Sobimmelpilie," 
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there is collected an abundance of protoplasm, and when they 
have attained a certain development the largest extremity of 
each is isolated by a septum from the clavule, which thus becomes 
the support or suspender of the copulative cell. The two conju- 





FiG. 96. —Zygospore of Rhizopm ia dlfferout stages. (De Bary.) 

gated cells of the fusiform body are generally unequal ; the one 
is a cylinder as long as it is broad, the other is disciform, and 
its length is only equal to half its breadth. The primitive mem- 
brane of the clavule forms between the copulative cells a solid 
partition of two membranes, but soon after the cells have become 
defined the medial partition becomes pierced in the centre, and 
then soon entirely disappears, so that the two twin cells are 
confounded in one single zygospore, which is due to the union 
of two more or less similar utricles. After its formation the 
zygospore still increases considerably in size, and acquires a 
diameter of more than one-fifth of a millimetre. Its form is 
generally spherical, and flattened on the faces which are united 
to the suspenders, or it resembles a slightly elongated cask. 
The membrane thickens considerably, and consists at the time 
of maturity of two superposed integuments ; the exterior or 
epispore is solid, of a dark blackish-blue colour, smooth on the 
plane faces in contact with the suspenders, but covered every- 
where else with thick warts, which are hollow beneath. The 
endospore is thick and composed of several layers, colourless, 
and covered with warts, which correspond and fit into those of 
the epispore. The contents of the zygospore are a coarsely 




granular protoplasm, in which float largo oleaginoas 
While the zygospore is increasing in size, the Buspender 
smaller copulative coll hecomea a romidfd and atipitate 
often divided at the base by a septnni, and which attains a 
to the size of the zygospore. The suspender of the larger 
lative cell preserves its primitive form and becomes scarcely 
larger. It is rare that there is not a considerable di ~ 
size between tho two conjugated cells and thi 

Similar conjugation with like resnlts also takes place 
Syzygitei me^aloearpvs. In this species the germination of 
zygospores has been observed. If, after a certain time of rep( 
these bodies are placed on a moist substratum, they 
germ-like tube, which, without originating a proper myceiium, 
develops at the expense of the nutritive material stored in the 
zygospore into a carpophore or fruit bearer, which ia many times 
dichotomonsly branched, bearing terminal sporangia character- 
istic of the species- 
It has already been remarked by oa that the Saprolegiiei are 
claimed by some authors as Alga), whilst we are more disposed 
to regard them as closely allied to the llucors, and as they 
exhibit in tbemsslvea strong evidence in support of the existence 
of sexual reproduction, we cannot forbear giving a summary of 
what has been observed by De Baiy and others in this very 
interesting and singular group of plants, towhich M. Goran has 
recently dedicated an exhaustive monograph.f 

In Saprolegnia monoica, and others, the female organs consiatj 
of oogonia — that is to say, of cells which are at first globose and 
rich in plastic matter, which moat generally terminate short 

I branches of the mycelium, and which are rarely seen ia au 
interstitial position. The constitutive membrane of tho adult 
oogonia is reabsorbed in a great m.any points, and ia there 
pierced with rounded holes. At the same time the plasma is 
divided into a larger or smaller number of distinct portions, 
which are rounded into little spheres, and separate from the 



• De Buy, 
Ann. dea. Sci. 
+ Cornn, in " 



Morp!:olf>(;ie oad Phjairfogie der Pike," oip, G, 

Kat." (ISSfl), p. 343. 

inn. dea Sci. Hat." (5"" sfir.), yo!. it. p. I (1872). 
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1 walls of the conceptacle in order to gronp themselves at the 
[ centre, where they float in a wateiy fluid. These gonoaphcres 
I are then smooth and bare, with no membrane on their Bnrface 
I of tlie nature of celluloBe. 

Daring the formation of the oogoiiia there arise from its 
pedicel or from neighbouring filaments slight cylindrical cnrved 
branches, sometimes turned round the support of the oogonia, 
and which all tend towards this organ. Their superior extremity 
is intimately applied to its wall, then ceases to be elongated, 
becomes slightly inflated, and ia limited below by a partition ; 
it is then an oblong cell, slightly 
curved, filled with protoplasm, and / 
intimataly applied to the oogonia — 
in fact, an antberidium or organ o 
the male sex. Each oogonium pos- 
sesses one or several antheridia. 
Towards the time when the gono- 
Bpheres are formed it may be oh- 
Berred that each antheridinm sends 
to the interior of the oogonia one 
or several tubular processes, which 
have crossed its side wall, and which 
open at their extremity in order to 
discharge their contents. These, r 
while they are flowing ont, present s 

and which, considering their resemblance to those in Tauoheria, 
to which the name of spermatozoids are applied, ought to be 
considered as the fecundating corpuscles. After the evacuation 
of the antheridia the gonospheres are found to bo covered with 
cellalose ; they then constitate so many oospores, with solid 
walls. De Bary considers that, bearing in mind analogous 
phenomena observed in Vauckeria, and the direct observations 
iheim,* the cellulose membrane on the surface of the 
a only the consequence of a sexua! fecundation. 

I In Achlt/a dioica the antheridinm ia oylindrieal, the plasma 
which it encloses ia divided into partielea, which attain nearly 
' Fringsheim'a " JitUibuclier," vol. 11. p. ISO. 
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tlie size of the zoospores of the same plant. Theso partiol 
become globose cells, gronpcd in the centre of the antheridimn? 
Afterwards the contents of these latter cells become diviJed 
into nnmerOES baeillary sperm atozoicis, which first break the 
wall of their mother cell, and then issue from the antheridinm. 
These rod-like corpuscles, which resemble the apermatozoids in 
Vaucheria, have their movementa assisted by a long cilium. It 
is presnmable that here, as in the Algre, the spormatozoids 
introduce themselves into the cavity of the oogoninm, and iiDito 
with the gonospheres. 

Amongst obscare and doubtful bodies are those described 
by Pringaheira, which have tleir origin in thick filaments or 
tubes, similar to those which, form the zoosporangia, and re- 
present so many distinct little masses of plasma within an 
homogeneous parietal ganglion. The contour of these plastic 
masses is soon delineated in a more precise manner. We 
see in their interior some bomogeneons grannies, which 
are at first globose, then oval, and finally travel to the 
enlarged and ampullreform extremity of the generating tube. 
There they become rounded or oval cells covered with ceUu- 
lose, and emit from their snrface one or several cylindrical 
processes, which elongate towards the wall of the conceptacle, 
and pierce it, without, however, ever projecting very far beyond 
it. At the same time tbe lacunose protoplasm of each cell 
becomes divided into a number of corpnsclea, which escape by 
the open extremity of the cylindrical neck. They reBomble in 
their organization and agility the spermatozoids o£ Achlya dioica. 
They soon become motionless in water, and do not germinate. 
During the development of these organs, the protoplasm of the 
ntricle which contains them offers at first completely normal 
characteristics, and disappears entirely by degrees as they 
increase. De Bary and Pringsheim believe that these organs 
constitute the antheridia of the species of Saprolegnia to which 
they belong. 

The oospores of the Saprolrgnice, when arrived at maturity, 
possess a tolerably thick double integument, consisting of an 
epispore and an endospore. After a considerable time of repose 






SEXUAL REPRODUCTION. 171 

they give rise to tubular or vesicular germs, which, without 
being much elongated, produce zoospores.* 

De Bary has claimed for the oogonia in Cystopu^s and Perono- 
spora a kind of fecundation which deserves mention here.f 
These same fruits, he says, which owe their origin to sexual 
organs, should bear the names of oogonia and anther idia, ac- 
cording to the terminology proposed by Pringsheim for analo- 
gous organs in the AlgeB. The formation of the oogonia, or 
female organs, commences by the terminal or interstitial swelling 
of the tubes of the mycelium, which increase and take the form 
of large spherical or oboval cells, and which separate themselves 
by septa from the tube which carries them. Their membrane 
encloses granules of opaque protoplasm, mingled with numerous 
bulky granules of colourless fatty matter. 

The branches of the mycelium which do not bear oogonia 
apply their obtuse extremities against the growing oogonia ; 
this extremity swells, and, by a transverse partition, separates 
itself from the supporting tube. It is the antheridium, or male 
organ, which is formed by this process ; it takes the form of an 
obliquely clavate or obovate cellule, which 
is always considerably smaller than the 
oogonium, and adheres to its walls by a 
plane or convex area. The slightly thickened 
membrane of the antheridia encloses proto- 
plasm which is finely granular. It is seldom 
that more than one antheridium applies 
itself to an oogonium. 

The two organs having together achieved ^^^ gg. -Conjugation in 
their development, the large granules con- peronospora; a. antkeri- 
tained in the oogonium accumulate at its ^*^"*- ^^ ^^^^ 
centre to group themselves under the form of an irregular 
globule deprived of a proper membrane, and surrounded by a 
bed of almost homogeneous protoplasm. This globule is the 
gonosphere^ or reproductive sphere, which, through the means of 

* De Bary, in " Annales des Sciences Naturelles*' (5°*® ser.), vol. v. (1866), 
p. 343 ; HoflFmeister's *' Handbook" (Fungi), cap. v. p. 155. 

t De Bary, in ** Annales des Sci. Kat." (4°* s^r.), vol. xx. p. 129. 




179 



trcund'Vtioii sliould become tlie 
cpjr w oospore Ihe gone 
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reproductue bod) vepetabJe 
eie baying been formed the 
s ont from the centre of ta face close against 
iho oogoumni a sfcraif,ht tube which perforates the walla of 
tl e ti mitle cell and travers ng the protoplasm of its penphery 
ilnx ts itself to the gonoapl ore It ceases to elongate itselt 
lu H 01 as it touches it and the gonosphere becomes clothed 
with II membrane of coUaloxe and takes a regnlir spheroidal 
form 

Oonsidenng the great resemblance of these o^g^na with the 
sexual organs of tl e feaproiegn re which 
are closely all ed to the Alg* and of 
whicl the Eexuality has been proved, 
De 3irj adds we have no doubt wbnt- 
cver that tl jhenomcna just described 
roj recent an act of fecundat on and 
tl at the tube pushed ont by the anthe 
oQgoniun J, I r dium sh all be regarded as a fecun 

^"'* datng tube It is remarkable that 

amongst these fungi the tube projected by the antheiidinra 
effects fecundation only by coiitni,t Its extrem ty never opens, 
and we never find aithoro/oids on the contrary tie anthe- 
ndium presents up to the matur fcy of the ooapore tl e appear 
ance which it presented at the moment of fecund ti n 

The primitive membrane of the oospore, at first very thin, 
aoon acquires a more sensible thickness, and becomes suiTonnded 
by an external layer (epospore), which is formed at the expense 
of the protoplasm of the periptiery. This disappeara in propor- 
tion as the epispore attains maturity, and finally there only re- 
mains a quantity of granules, suspended in a transparent watery 
fluid. At the period of maturity, the epispore is a slightly thick- 
ened, resistant membrane, of a yellowish-brown colour, aud finely 
punctate. The surface is almost always provided with brownish 
warts, which are large and obtuse, sometimes isolated, and some- 
timoB confluent, forming irregular crests. These warts are com- 
' cellulose, which reagents colour of a deep blue, whilst 
srane which bears them preserves it« primitive colonr. 
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3 of the warts, larger than the rest, and i 



izal)!e by its 
cyKndricoJ form, alwoya forms a kind of thick sheath around 
the fecundating tube. The i-ipe endospore is a thick, smooth, 
coIoarlcBB membrane, composed of cellulose containing a bed of 
finely granulated protoplasm, which surrounds a great central 

t vacuole. This oospore, or resting spore, may remain dormant 

[ in this state withio the tissues of the foster plant for somo 
moiithH. Its ultimate development by production of zoospores 
is similar to the prodaction of zoospores from conidia^ which 
it is Knnecessary to i-epeat here. The oospore becomes an 
oosporangium, and from it at least a hundred germiuatlsg 
bodies are at length expelled. 

Amongst the principal observers of certain phenomena of copu- 
lation in cells formed in the earliest stages of the Biscomycetes 
ate Professor de Bary,* Dp. Woroniu,t and Messrs. Tnlasne.J 
In the Ascoholus puJcherrimut of Crouan, "Woroaiu ascertained 
that the cup derives ite origin from, a short and flexible tube, 
thicker tlian the other branches of the mycelium, and which is 
soon divided by transverse septa into a series of cells, the auccca- 
Bive increase of which finally gives to the whole a toralose and 
unequal appearance. The body thus formed he calls a " vermi- 
form body." Tiie same observer also seems to Lave convinced 
himself that there exists always in proximity to this body certain 
filaments, the short arched or inflected branches of which, like 
8o many antheridia, I'est their anterior extremities on the utri- 
form cells. This contact seems to communicate to the vermiform 
body a special vital energy, which is immediately directed towards 
the production of a somewhat filamentous tissue, on which the 
hymenium is at a later period developed. Tbia " vermiform 

I body " of M. Woronin has since come to ba recognized under 

I the name of " scoleoite." 

Tnlasue observes that this " scolecits " or ringed body can ba 

I. readily isolated in Ascoholus furfuraceus. When the young re- 

• Da Bury, in "Annalesdes 
t Woronin, in De Barj's "] 
{1866). pp. l-ll. 
J TulMne, "Ann. daa Sou Nat." (6'"» sSr.), October, 1868, p.. 211. 
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ceptacles are etill Bphericfd aud white, and have not attmne^j 

diameter exceeding the one-twentieth of a millimetre, it if "' 
cient to compress them slightly in order to rapture them at the 
summit and expel the " scolecite." This occupies the centre 
of the little sphere, and is formed of from six to eight cells, 
curved in the shape of a comma. 

In Peziza melanoloma, A. and S., the same observer succeeded 
still better in his searches after the scolecite, which he remarks 
is in this species most certainly a lateral branch of the filaments 
of the mycelium. This branch ia isolated, simple, or forked at a 
short distance from its base, and in diameter generally csceeding 
that of tho filament which bears it. This branch is soon arcuate 
or bent, and often elongated in describing a spiral, the irregular 
turns of which are lai or compressed. At the same time ita 
interior, at first continuous, becomes divided by transverse septa 
into eight or ten or more cells. SometimoB this special branch 
terminates in a crozier shape, which ia involved in the bent part 
of another crozier which terminates aneighbourmg filament. In 
other cases the growing brancli is connected, by ita extremity, 
with that of a hooked branch. These contaets, however, did 
not appear to Tnlasne to be so much normal as accidental. But 
of the importance of the ringed body, or " scolecite," there was 
no room for doubt, as being the certain and habitual rudiment 
of the fertile cnp. In fact, inferior cells arc produced fttjm the 
flexuous filaments which creep about its surface, cover and sur- 
round it on all sides, while joining themselves to each other. 
At first continuous, then septate, these cells by their union con- 
stitute a cellular tissue, which increases little by little until tho 
scolecite is so closely enveloped that only its superior extremity 
can be seen. These cellular masses attain a considerable volnm a 
before the hymonium begins to show itself in a depression of 
their summit. So long as their smallness permits of their being 
Been in tho field of the microscope, it can be dctorDiined that 
they adhere to a single filament of the mycelium by the base of 
the scolecite which remains naked. 

Although Tulasne could not satisfy himself of the presence 
of any act of copulation in Ascoiolus fiirfuraeeui, or Bezixa 
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melanoloma, he was more SQCcessfal with Fezixa omphalodea. 
As early aa 1860 lie recognized the large globose, sessile, and 
grouped vesicles which originate the fertile tissne, but did not 
comprehend the part which these macrocysts were to perform. 
Each of these emits from its summit a cylindrical tube, generally 
flexuous, but always more or less bent in a crozier shape, some- 
times attenuated at the extremity. Thus provided, these utricles 
resemble so mauy tnu-shaped, narrow-necked retorts, filled with 
a granular thick roseate protoplasm. In the middle of these, 
and from the same filaments, are generated elongated clavato 
cells, with paler contents, more vacuoles, which Tulaane names 
paracusis. These, though produced after the macrocysts, finally 
exceed them in height, and seem to carry their Bummit so as to 
meet the crozier-like prolongations. It would be difficult to 
determine to which of these two orders of cells belongs the 
initiative of conjugation. Sometimes the advance seems to bo 
on one side, and sometimes on the other. However this may be, 
the meeting of the extremity of the 
connecting tube with the summit of 
/ the neighbouring paracyst is a con- 
stant fact, observed over and over 
^ain a hundred times. There is no 
real junction between the dissimilar 
cells above described, except at the 
very limited point where they meet, 
and there a cu'cular perforation may 
be discerned at the end, defined by a 
round swelling, which ia either barely 
visible or Bometiinea very decided. 
Everywhere else the two organs may 
be contiguons, or more or less 
gcther, but they are free from any adherence whatever. If the 
plastic matters contained in the conjugated cells influence one 
another reciprocally, no notable modification in their appearance 
results at first. The large appendiculate cell seems, however, to 
yield to its consort a portion of the plasma it contains. One 
thing only can be affirmed from these phenomena, that the con- 
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JBguted cells, especially' thu liii-ger, wif.lier and empty them selvt 
while the Tiprigtt compressed tHameuts, which will ultimately" 
constitute the asci, increase and multiply.* 

Certain phenomena concerned in the development of the 
F.rysiphei belong also to thia connection. The mycelinni of 
Erijsiphe cichoracearam, like that of other species, consiats of 
branched filaments, crossed in all dii'ectiooa, wLich adhere as 
thej climb to the epidermis of the plant on wliicb the fungus 
lives as a parasite. The peritheoia are engendered where two 
filaments cross each other. These swell elightly at thia point, 




and each emits a process which imitates a nascent branch, and 
remains upright on the surface of fie epidermis. The process 
originating from the inferior filament aooa acquires an oval form 
and a diameter double that of the filament ; then it becomes 
isolated from it by a septnm, and conbtitutcs a distinct cell, 
which De Earyf terms an oocyst. The appendage which pro- 
ceeds from the inferior filament always adheres intimately to 
this cell, and elongates into a slender cjhndncal tube, which 



• Tulasno, "On the Phedouiana of Copulation in certain Fungi," 
IssScl. Nat." (1866), p. 211. 
+ De Earj, " Moriihologie und PliyB. der Pilze," cap. v. p- 162. 
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. terminates in an obtuse mtmiier at tLo f 
At its base it is also limited by a septan 

' appears a little below its estremity at a 
hand by a constriction. This new Bei 



nmmit of tbe same cell. 
, and soon after another ] 
point indicated befi 
turn dednes a terminal 



abort obtuse cell, the antheridiom, which is thus borne on a 
narrow tube like a sort of pedicel. Immediately after tbo 
formation of the antheridia new^ productions show themselyes, 
both. around the oocyst and within it. Underneath this cell eight 
or ten tubes are seen to spring' from the filament which bears it; 
these join themselves by the sides to each other and to the pedi- 
cel of the antlieridium, while they apply their inner face to the 
oocyst, above wldch their eitrcmitieB soon meet. Each of the 
tubes is then divided by transverse septa into two or three dis- 
tinct cells, and in this manner the cellular walls of the peri- 
thecia come into existence. 

Daring this time the oocyst enlarges and divides, withont 
ila being possible precisely to determine the way in which it 
happens, into a central cell and an outer layer, ordinarily 
simple, of smaller cells, contignons to the ^nei'al enveloping 
wall. The central cell becomes the single asous, which is 
characteristic of the species, and the layer which surrounds it 
constitutes the inner wall of its peritheoium. The only 
changes afterwards observed are the increase in size of tha 
perithecium, tbo production of the root-like filaments which 
proceed from its outer wall, the broivn tint which it assumes, 
and finally the formation of the sporidia in the ascus. Tho 
antheridiura remains for a long time recogniaablo without under- 
going any essential modification, but the dark colour of the 
peritheciom soon hides it fi"om the observer's eye. De Bary 
thinks that he is authorized in assuming the probability that 
tho conceptacles and organs of fructification of otiiers of the 
Ascomyeetes, inclading tho Sisc&mycetes and the Tuberacei, are 
the results of sesnal generation. 

Certain phenomena which have been observed amongst 

the Coniomycetes are cited as examples of sexual 

Amongst these may be named the conjugation of the sli 

' spores of the first generation, produced on tho germinating 
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tlireada of Tilhtia,* ani^ similar acts of conjugation, as obsen 
in some species of JJgtilago. Whether tliia inteqiretatioi 
be placed on tboae phenomenn, in the present condition of o 
knowledge ia perhaps an open question. 

Finallj, the apermogonia must be regarded as in some occallF" 
er, which as yet has baffled detection, influencing the per- 
fection of sporidiaf In Mlnj- 
tisma, found on the leaves of 
maple and willow, black pit<ihy 
gpots at hrfit appear wbicb 
contain withm them a golden 
pulp m which veiy Blender 
corpuscles are mixed with an 
abundant mncilage These 
corpuscles are the spermatia, 
which m Shjtiama acerinum 
are linear and short m Ehy 
tupia sahciaum globose When 
the spermatia are expelled, the 
stroma thickens for the pro 
duction of isci and spondia, 
^ which are afterwards developed 
during the autumn and winter. 
Several of the species of H^eterium also possess spermogonia, 
notably S. Fraxini, which ma.y be distinguished from the asci- 
gerons pcrithecia with which they are associated by their smaller 
size and flask-like shape. From these the spermatia are expelled 
long before the maturity of the spores. In Hypoderma virgul- 
torum, H. commune, and if. scirpinum, the spermogonia are 
small depressed black capsules, wViich contain an abundance of 
minute spermatia. These were formerly regarded as distinct 
species, under the name of Z^eptostroma. In Slicfis ocellaia a 
great number of the tubercles do not pass into the perfect state 
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• Berkeley, In " Joiirn. Hurt. 3oc." vol. ii. p. 107; Tulaane, " 
Kat." (4"'*B6r.), Tol. ii. lab. 12, 

t Tnlaane, "Naw IlegearclieB on the Reproiiucliro Apparatui 
" Comptea Rendaa," vol. luv. (1862), p. 8«. 
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nntil after they have produced cither linear, very short spev- 
matia, or stjlosporca, the latter being teprodactive bodies of an 
oblong shape, eqnal in size to the perfect eporidia. Some of J 
the tubercles nevei" pass beyond tliis stage. I 

Again, there is a very common fungus which forms black dia- 1 
eoid spots on dead holly leaves, called CeutJtoipora pliacidioidea, | 
figured by Greville in his " Scottish Cryptogamic Flora," -which , 
expela a profusion of minute atylospoi'es ; but later in the ' 
Beason, instead of these, we find the asci and sporidia of PTiaei' 
Mum ilicig, so that the two are forms and conditions the one of ' 
the other. 

In Tympanii conspersa the spermogonia are much moi-e com- 
monly met with than the complete fruit. There is a great 
esteraal resemblance in them to the ascigerons cups, but there 
18 no evidence that they are ever transformed into such. The 
perfect sporidia are also very minute and numerous, being 
contained in asci borne in cups, which usually surround the 
spermogonia. 

In several species of Dermatea the sfylospores and spermatia 
oo-exist, but they are disseminated before the appearance of the 
ascigerouB receptacles, yet they are produced upon a common 
stroma not unliba that of TubercuJarla. 

In its early stage the common and weil-known Sulyaria i 
inguinans, which when mature looks like a black Peziza, ia a 
little tubercle, the whole mass of which is divided into ramified 
lobes, the extremities of which become, towards the sarface of 
the tubercle, receptacles from whence escape waves of sper- 
matia which are colourless, or stylosporos mixed with them 
which are larger and nearly black. 

Amongst the Sph^riacei numerous instances might be cited 
of minute atylosporoua bodies in consort with, or preceding, 
the aacigerouB receptacles. A very familiar example may be 
found at the base of old nettle sterna in what has been named 
Apogphieria acuta, but which truly are only the stylosporea of 
the Sphmria caniformis, the perithecia of which flourish iu com- 
pany or in close prosimity to them. Most of these bodies are 
so minute, delicate, and hyaline that the dillicultiea in the way 
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lem in tbeir relations to the bodies with which t1 
d are very great. Nevertheless there ia strong pre- 
Hnniption in faTonp of regarding some of them aa performing 
the functions which the name applied to them indicates. 

Professor de Bary cautiously refrains from accepting spermatin 
other than aa doubtl'ul or at least uncertain sexual bodies.* He 
sayH that the Messrs. Tnlasne hare supposed that the spermo- 
gonia represented the male sex, and that the sperraatia were 
analogous to apcrmatozoida. Their opinion depends on two 
plausible reasons, — the speranatia, in fact, do not germinate, 
and the development of the spermogonia generally precedes 
the appeafaiice of the sporophorous organs, a double circum- 
atan CO which reminda ns of what ia known of the spcrmato- 
zoida and antheridiik of other vegetables. It remained to 
discover which were the female organs which underwent 
fecundation from the epermatia. 

Many organs placed at first amongst apermatia have been 
recognized by M. Tulasnc as being themselves susceptible of 
germination, and consequently ought to take their place among 
legitimate spores. Then it must bo considered that very many 
sporea can only germinate under certain conditions. It ia, 
therefore, for the present a doubtful question whether there 
exist really any spermatia incapable of germination, or if the 
defanlt of germination of these corpuscles does not rathw 
dcpend on the experiments hitherto attempted not having in- 
cluded the conditions required by the phenomena. Moreover, 
as yet no trace has been discovered of the female organs which 
are specially fecundated by the spermatia. 

Finally, there exist in the Ascomycetes certain organs of 
reproduction, diverse apore-bearing apparatus, pycnidin, and 
others, which, like the spermogonia, usually precede asco- 
phoroua fruita. The real nature of the spermogonia and 
spermatia shonld therefore be regarded as, at present, very 
uncertain ; as regards, however, the spemiatia which have 
never been aeen to germinate, perhaps it is as well not to 
absolutely reject the first opinion formed concerning them, or 

■ De "Baiy, "Mori.hologia nnd PhjgiologlE der Piiae," cap. t. p. 168. 
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perhaps they miglit be thought to perform the part of andro- 
spores, attributing to that expression the meaning which 
Pringsheim gives it in the ConferocB. The experiments per- 
formed with the spermatia which do not germinate, and with 
the spermogonia of the XJredines, do ift)t, at any rate, appear 
to justify the reputed masculine or fecundative nature of these 
organs. The spermogonia constantly accompany or precede 
fruits of JEcidium, whence natarally follows the presumption 
that the first are in a sexual relation to the second. Still, 
when Tulasne cultivated Endophyllum sempervivum, he obtained 
on some perfectly isolated rosettes of Sempervivum some Mcidium 
richly provided with normal and fertile spores, without any trac« 
of spermogonia or of spermatia. 
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A GREAT number of very iaterosting facts have during late 
yeara been brougbt to lig-bt of the diSerent forma ■whiob fungi 
assume in tbo course of tbeir developaient. At tbe same time, 
wo fear tbat a great many aasnmptioiis bave been accepted for 
fact, and supposed connections and relations between two or 
three or more so-called species, belonging to different genera, 
have upon insufficient data been regarded as so many states or 
conditions of ono and tbe same plant. Had tbe very pertinent 
Buggestions of Professor do Bary been more generally acted 
upon, these suspicions would have been baseless. His observa- 
tions are so valuable as a caution, that we cannot forbear prefacing' 
onr own remarks on this subject by quoting them.* In order 
to determine, be says, whether an organic form, an organ, or an 
organism, belongs to tbe same series of development as another, 
or that which is the same is developed from it, or vice versd, 
there is only one way, viz., to observe bow the second grows out 
of the first. We see the commencement of the second begin as 
a part of the first, perfect itself in connection with it, and at 
last it often becomes independent ; but be it through spontaneona 
dismembering from tbe first, or tbat the latter be destroyed 
and tbe second romaiDS, both their disunited bodies are always 
connected together in organic continuity, as parts of a whole 
(single one) tbat can cease earlier or later. 

By observing tbe organic continuity, we know tbat the apple 

ie the product of development of an apple-tree, and not hung on 

• De Bary, in " Qanrterly Oennan MagozinB" (ISTl), p. lOT. 
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it by chance, that the pip of an apple is a product of the develop- 
L mont of the apple, and that from the pip an apple-tree can at last 
[ be develnpod, that therewith all those bodies are membera of a 
I tpbere of development or form. It is the same witb every eimi- 
f^Iar experience of onr daily life, that ■whci'e an apple-ti-ee stands, 
many apples lie on the gronnd, or that in the place whore apple- 
i pips BTo sown seedlings, little apple-treea, grow ont of the 
ground, is not important to our view of the conrse of develop- 
ment. Every one recognizes that in his daily life, becanse he 
laughs at a person who thinks a plum which lies under an spple- 
tree haa grown on it, or that tbe weeds which appear among the 
apple eeedlings come from apple-pipa. If the apple-tree with 
ita fmit and seed were microscopically small, it would not mafce 
the difference of a hair's breadtji in the form of the question or 
the method of answering it, aa the size of tlie object can 
be of no importance to the lait-er, and the questions which apply 
to microscopical fungi are to be treated in tho same manner. 

If it then be asserted that two or several forms belong to a series 
of development of one kind, it can only be based on the fact of 
their organic continuity. The proof is more difficult than in large 
plants, partly because of the delicacy, miirateness, and fragility 
of the single parts, particularly tbe greater part of the mycelia, ' 
partly because of the resemblajice of the latter in different 
species, and therefore follows tho danger of confusing them with. 
different kinds, and finally, partly in consequence of the presence 
of different kinds in the same aabstratum, and therefore the 
mixture not only of different sorts of mycelia, but also that 
different kinds of spores are sown. With some care and pa- 
tience, these difficnlties are in no way insurmountable, and they 
must at any rate he overcome ; the organic continuity or non- 
continuity must be cleared up, unless the question respecting the 
eonrae of development, and the series of forms of special kinda, 
bo laid on one aide aa insolvahle. 

Simple and intelligible as these principles are, they have not 
always been acted upon, but partly neglected, partly expressly 
rfjected, not becanse they were considered false, bat because the 
ilifGcultiea of their appliimtion wore looked upon as insurmonnt- 



able. Therefore another method of examination was adopt* 
the sporea of a certain, form were sown, and sooner or later they 
were looked after to see what the seed had produced — not every 
single spoi-e — but the seed en waste, that is, in other words, 
what had grown on that place where the seed had been eown. 
Ab far aa it relates to those forma whieh are bo widely spread, 
and above all grow in conjunction with one anothei" — aad that 
is always the case in the epeciraena of which we apeak — we can 
never be sui'o that the spores of the form which we mean to test 
are not m-inglod i 
made an attentive 
that we may be at 
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most suitable, 
will follow the 
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ith those of another species. He who has 
md minute examination of this kind knows 
I'e to find such a mixture, and that such au 
be afterwarda decidedly proved. From the 
, these spores, for which the substratiim was 
nore easily germinate, aiid their development 
I quickly, The favoured germs will suppress 
and grow up at their expense. The same 
relation exiats between them as between the seeds, germs, and 
seedlings of a sown Bummer plant, and the seeds which have 
been undesignedly sown with it, only in a still more striking 
manner, in consequence of the relatively quick development of 
the mildew fungus. 

Therefore, that from the latter a decided form, or a mixture of 
several forms, is to be found sown on one spot, is no proof of their 
generic connection with one which has been sown for the purpose 
of experiments ; and the matter will only be more confused if we 
call imagination to our aid, and place the forma which are found 
near one another, according to a real or fancied resemblance, in a 
certain series of development. All those atatemente on the sphere 
of form and connection, which have for their basis such a anper- 
iicial work, and are not baaed on the clear exposition, of the con- 
tinuity of development, as by the origin of the connection of the 
Mucor with Penieillium, Oidium laetis and Manor, Oidium and 
Penicillium, are rejected as unfounded. 

A source of error, which can also interfere in. the last-named 
auperficial method of cultivation for experiments, is, viz., that 
heterogeneous nnwished-for aporea intrude themselves from 
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without, among the seed whicli is sown, but that has been 
antil now qnite disregarded. It is of great importance in 
practice, but in truth, for our present purpose, synonymous with 
what we have already written. Those learned in the science of 
this kind of culture lay great stress on its importance, and 
many apparatuses have been constructed, called *' purely cultivat- 
ing machines," for the purpose of destroying the spores which 
are contained in the substratum, and preventing the intrusion of 
those from withcmt. The mixture in the seed which is sown 
has of course not been obviated. These machines may, perhaps, 
in every other respect, fulfil their purpose, but they cannot 
change the form of the question, and the most ingeniously con- 
structed apparatus cannot replace the attention and intellect of 
the observer. * 

Two distinct kinds of phenomena have been grouped under 
the term " polymorphy." In one series two or more forms of 
fruit occur consecutively or simultaneously on the same indi- 
vidual, and in the other two or more forms appear on a dif- 
ferent mycelium, on a different part of the same plant, or on a 
matrix wholly distinct and different ; in the latter case the con- 
nection being attested or suspected circumstantially, in the former 
proved by the method suggested by De Bary. It will at once be 
conceded that in cases where actual growth and development 
substantiate the facts the polymorphy is undoubted, whilst in the 
other series it can at best be little more than suspected. We 
will endeavour to illustrate both these series by examples. 

One of the first and earliest suspected cases of dualism, which 
long puzzled the older mycologists, was observed amongst the 
Uredines, and many years ago it was held that there must be some 
mysterious association between the ** red rust" {Trichobasis ruligo 
vera) of wheat and grasses and the " com mildew " (JPuccinia 

• The method pursued by Messrs. Berkeley and Hoffmann of surrounding the 
drop of fluid, in which a definite number of spores or yeast globules had been 
placed, with a pellicle of air, into which the germinating threads might pass 
and fructify, is perhaps the most satisfactory that has been adopted, though it 
requires nice manipulation. If carefully managed, the residt is irrefragable, 
though doubts have been cast, without any reason, on their observations. 



graniiiiia) vticU succeeded it. Tlie simple spored ru 
makes ite appearance, and later the bilocular " miideiv." 
by no means nncommon to find the two forms in the narae puB- 
tale. Some- have held, without good reason, that the simple 
cells became afterwards divided and converted into Paceinia, 
but this is not the case ; the nredo-spores are always simple, and 
remain so except in Uredo linearis, where every intermediate 
stage has been observed. Both are also perfect in their kind, 
and capable of germination. 

What the precise relations between the two forma may be has 
as yet never been revealed to observers, bat that the two forms 
belong to one species is not now doubted. Very many species 
of Paecinia have already been found associated with a corre- 
sponding Trichohasi», and of PkragmiiUum with a relative Lecg- 
tkea, but it may bo open to grave doubt whether some of the 
very many species associated by authors are not so classed upon 
suspicion rather than obsei-vation. We are ready to admit that 
the evidence is strong in favour of the dimorphism of a large 
number of species — it mar/ be in all, but this awaita proof, op 
substantial presumption on goodgronnda. Up to the present we 
know that there are species of Trichohssis which have never 
been traced to association witL a Fuecinia, and doubtless there 
will be species of Puceinia for which no corresponding Uredo 
(XT Triehobasia can be found. 

larka, in reference to Puceinia sonclii, in one of hia 
i, that this curious species exhibits, in effect, that a Puc- 
einia may unit« three sorta of reproductive bodies, which, taking 
part, constitute for the mycologists of the day three entirely dif- 
ferent plants — a Trichobasis, a. Vromi/ceg, and a Puceinia. The 
Uredines are not less rich, he adds, in reproductive bodies of 
divers sorts than the Pi/renomi/celea and the Diecomt/celes ; and 
wo should not be surprised at this, since it seems to be a law, 
almost constant in the general harmony of nature, that the 
smaUer the organized beings are, the more their races are 
prolific 

In Puceinia variabilis, Grcv., it is common to find aunicellnlar 
&rm, species of TricHohasii, in the same pustules. A like oircnm- 
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stance occurs with Fuecinia violarum, Link., and Trichobasis via- 
larum, B.; with Pueeinia fallens, C, and TrichobaaU-fallens, Deam.; 
also with FuccMiia mentliie. P., and Trickohasis Lahiaiarum, D. 0. 
Tn Melampsora, again, the pfismatic pseud osporea of Jfeiantpffwa 
salicitia. Lev., are the winter fruits of Lecylliea caprearum, Lev., 
as those oi Melampsora populina, Lev., are of Lecytkea populina. 
Lev. In the apocies of Lecythea ttemseLves will be found, as De 
Bary " has shown, hyaline cysts of a larger size, which Burround 
the paeudosporea ia the pustules in which they are developed, 

A good illustration of dimorphism in one of the commonest of 
moulds is given by De Bary in a paper frotn which we have 
ah^eady quoted.f He writes thus : — Li every honsehold there is 
a frequent unbidden guest, which appears particularly on pre- 
served fruits, viz., the mould which is called Aspergillm glauciM. 
It shows itself to the naked eye ae a woolly floccy crust over 
the substance, first purely white, then gradually covered with 
little fine glaucous, or dark green dusty heads. More minute 
microscopical examination shows that the fuagaa consists of 
richly ramified fine filaments, which are partly disseminated in 
the substratum, and partly raised obliquely over it. They have 
a cylindrical form with rounded ends, and are divided into long 
outstretched members, each of which possesses the property 
which legitimatizes it as a vesicle in the ordinary sense of the 
word; it contains, enclosed within a delicate structureless wall, 
those bodies which bear the appearance of a finely granulated 
mucous substance, which is designated by the name of proto- 
plasm, and which either equally fills the cells, or the older the 
cell the more it ia filled with watery cavities called vacuoles. 
I All parts are at first colonrleas. T1i,l' iucrease in the length 
I of the filaments takes place through the preponderating growth 
near their points; these continually push forward, and, at a 
short distance irom them, successive new partitions rise up, 
but at a greater distance, the growth in the length ceaaea. 
This kind of growth ia called point growth. The twigs and 



t' Db Bary, " 
tA-deBarj, 
toL ii 1872. 



er die Erandpilia" (Berlin, 1853), pi. It. figs. 3, i, 6. 
Mildew tmil FermeDtabioD, in " Quuierlf Qeimui Maguine," 
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laranclies spring np as lateral dilatations of the principal I 
meat, which, onco designed, enlnrges according to the point 
growth. This point growth of every branch is, k> a cert^ain 
extent, nnlimited. The filaments in and on the substratnm are 
the first existing members of the fungus; they continue so long 
aait vegetates. As the parts which absorb nourishment from and 
conBorae the substance, they are called the mj/celium. Nearly 
every fangns possesses a mycolinm, which, without regard to 
the specific difference of form and size, especially shows the 
described nature in its coustmctiou and growth. 

The BUperficial threads of the mycelium produce other fila- 
ments beside those numerous branches which have been described, 
and which are the frnit thread (carpophore) or conidia thread. 
These are on an average thicker than the mycnlinm threads, and 
only exceptionally ramified or furnished with partitions ; they 
rise nimost perpendicularly into the air, and attain a length of, 
on an average, half a milliraetro, or one-fiftieth of an inch, bnt 
tliey seldom become longer, aod then their growth is at an end. 
Their free upper end swells in a ronnded manner, and from this 
is produced, on the whole of its upper part, rayed divergent 
protuberances, which attain an oval form, and a length almost 
equal to their radius, or, in weaker specimens, the diameter of 
the rounded head. The rayed divergent protuberances are the 
direct producers and bearers of the propagating cells, spores, 
or conidia, and are called sterigmata. Every sterigraa at first 
produces at its point a little round protuberance, which, with a 
strong narrow basis, rests upon the eterigma. These are filled 
with protoplasm, swell nioro and more, and, after some time, 
separate themselves by a partion from the sterigma into inde- 
pendent cells, spores, or conidia. 

The formation of the first spore takes place at the same end 
of the sterigma, and in the same manner a second follows, then 
a third, and so on ; every one which springs up later pushes 
its predecessor in the direction of the axis of the sterigma in 
the same degree in which it grows itself; every successive spore 
formed from a sterigma remains for a time in a row with one 
another. Coneequontly every at«rigma bears on its apex a chain 
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of spores, whicli are so mncli the older, the farfcher they stand 
from the sterigma. The number of the links in a chain of spores 
reaches in normal specimens to ten or more. All sterigmata 
spring np at the same time, and keep pace with one another 
in the formation of the spores. Every spore grows for a time, 
according to its construction, and at last separates itself from 




Fig. 102. — a. Aspergillus glaucvs ; h, conidia; c. germinating conidium; d. con- 
ceptacle of Eurotium ; e. ascus. 

its neighbours. The mass of dismembered spores forms that 
fine glaucous hue which is mentioned above. The spores, there- 
fore, are articulated in rows, one after the other, from the ends 
of the sterigmata. The ripe spore, or conidium, is a cell of a 
round or broadly oval form, filled with a colourless protoplasm, 
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aiid, if obserTed separately, is fonnd to be providiid with \ 
bi'ownish, finely Terraeulose, dotted wall. 

Tlie same mycelium whicli forms the pedicel for the c 
when it is near the end of its development, fonna by norn 
vegetation a second kind of fmctiQcation. It begins as delicate! 
thin little branches, which are not to be distinguished by tlie 
naked eye, and which mostly in. four or sis turns, after a quickly 
terminated growth, wind their ends like a, corkscrew. (B"ig. 102.) 
The einnations decrease iu width more and more, till they at last 
reach close to one anothei-, and the whole end changes from the 
form of a corkscrew into that of a hollow screw. In and on 
that screw-like body, a change of a complicated kind takes place, 
which is a productive process. In consequence of this, from the 
screw body a globose receptacle is formed, consisting of a thin 
wall of delicate cells, and a closely entwined row of cells sor- 
roundod by this dense mass [d). By the enlargement of all these 
parts the round body grows so much, that by the time it is ripe 
it ia visible to the naked eye. The outer surface of the wall 
assumes a compactness and a bright yellow colour ; the greater 
part of the cells of the inner mass become asci for the foi-mation 
of eporidia, while they fi-ee themselves from the reciprocal anion, 
take a broad oval form, and each one produces within its inner 
space eight sporidia (e). These soon entirely fill the ascua. 
When they are qoite ripe, the wall of tho conceptacle becomes 
brittle, and from irregular fissures, aiiaing easily from contact, 
the colourless round sporidia are liberated. 

The pedicels of both kinds of fruit are formed from the same 
mycelium in the order just described. If we examine attentively, 
we can often see both springing np close to one another from, the 
same filament of a mycelium. This is not very easy in the close 
interlacing of the stalks of a mass of fungi in consequence of 
their delicacy and fragility. Before their connection was known, 
the conceptaeles and the conidia pedicels were considered as 
organs of two very different species of ftingi. The coneeptaclea 
were called Eurotiwm herhariorum, and the conidia bearers were 
called Aspergillus gJaucus. 

Allied to Huyoliuin is the gi-oup of Eiygiphei, in which well-' 
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authenticated polymorphy prevails. These fnngi are developed 
on tlie green parts of growing plants, and at first consist of a 
white niouldy stratum, composed of delicate mycelium, on which 
erect threads are produced, which break up into subgloboge 
jointa or conidia. The species on grass was named Oidium 
monilioides before its relationship was known, but undoubtedly 
this is only the co&idia of Erj/siph,e graminU. In like manner 
the vine disease {Oidium Tucheri) is most probably only the 
conidia of a species of Erysiplie, of which the perfect condition 
has not yet been discovered. On roses the old Oidium leuco~ 
conium is but the conidia of Spharoiheea pannosa, and so 
of other species. The Erysiphe which ultimately appears on 
the same mycelium consists of globose perithecia, externally 




1. im.—ETysiphi ciehomaamm. o. Receptmle ; o. mjccUum. (De Bar?.) 



famished with thread-lite appendages, and internally with asci 
containing aporidia. In this genua there are no less than five 
different forma of fruit,* the multiform threads on the mycelium, 
already alluded to as forms of Oidium, the asci contained in 
the sporangia, which is the proper fruit of the Erytiphe, larger 
atylospores which are produced in other sporangia, the smaller 
stylospores which are generated in the pycnidia, and separate 
spomles which are sometimes formed in the joints of the neck- 
laces of the conidia. These forms are figured in the " Introduction 
• Berkeley, "Introii. Crypt. Bot." p. 78, fig. 20. 
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to Cryptogamic Botany " from Sphccrotheca Castagneif which i 
the hop mildew.* The vine disease, hop mildew, and rose 
mildew, are the most deatructire BpeciQS of this groap, and the 
constant annoyance of cultivators. 

When first describing an allied fungus fonnd on old paper, and 
■Dwat&Aseotricha chariarum, the Rev. M. J. Berkeley called atten- 
tion to the presence of globose conidia attached to the threads 
which snrronnd the conceptac!eB,+ and this occurred as long 
since as 1838. In a recent species of Chtetomiiim fonnd on old 
Hacking, Ckatomium grlseum, Cooke,t we have fonnd tufts in all 
respects similar externally to the Ohistomiuin, but no poritheciTun 
was formed, naked conidia being developed apparently at the 
base of the coloured threads. In ChiBtomium funicolum^ Cooke, 
a black mould was also found which may posaibly prove to be 
its conidia, but at present there is no direct evidence. 

The brothers Tulaane have made ns acquainted with a greater 
number of instances amongst the SpTirBrweei in. which multiple 
oi^na of reproduction prevail. Very often old and decaying 
individuals belonging to species of Boletus will be fonnd filled, 
and their entire substance internally replaced, by the threads and 
mnltitndinous spores of a golden yellow parasite, to which the 
name oi Sepedonium clirysospermv/m has been given. According 
to Tulasne, this is merely a condition of a sphairiaceonB fungua 
belonging to his genus Hypowifees.^ 

The same observers also first demonstrated that Triehoderma 
viride. P., was but the conidia-bearing stage of Hypocrea rufa^ 
P., another ephseriaceous ftingiis. The aacigerons stroma of the 
latter is indeed frequently associated in avery close manner with, 
the cnahionB of the pretended Triehoderma, or in other caaea the 
same stroma will give rise to a, different apparatus of conidia, 
of which the principal elements are acicular filaments, which are 
short, npright, and almost simple, and which give rise to small 

• See also Berkeley, 1: 
t Berkelej, in "Ann. 
J " GreTillea," toI. i. p. 176. 
g Tnlaane, " On Certnin Fungicolou 
i«a*r. liii. (1860), p. S. 
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: solitary on tiie tips of the tbre 



different 
conidia, as is the case in many species of Sypomyces. 

A most familiar instance of dualism will be found in Neelria 
cinnabarina, of wliich the conidia form is one of the most common 
of fungi, forming little reddish nodules on all kinds of dead 
twigs* 

Almost any small currant tivi^ which has been lying on the 
ground in a damp situation will afford an oppoi'tnnity of studying 
thia phenomenon. The whole surfime of the twig wiU be covered 
from end to end with little hright pink promiiienoee, bursting 
through the bark at regular distances, scarcely a quarter of ail 
inch apart. Towards one end of the twig probably the pro- 
minences will be of a deeper, richer colour, like 
powdered cinnabar. The naked eye is sufBcient 
to detect Bome difference between the two kinds 
of pustules, and where the two merge into each 
other specks of cinnabar will bo visible on the 
pink projectiona. By removing the bark it will 
be seen that the pink bodies have a sort of 
paler stem, wliich spreads above into a somewhat 
globose head, covered with a delicate moaly bloom. 
At the base it penetrates to the inner bark, and 
from it the threads of mycelium branch in all 
directions, confined, however, to the bark, and 
not entering the woody tissues beneath. The 
head, placed under examination, \vill he found to 
consist of delicate parallel threads compacted to- 
gether to form the stem and head. Some of theso 
threads aro simple, others are branched, bearing _^^^ I'X^^ 
here and there upon them delicate little bodies, np th? upper m- 
which are readiiy detached, and which form the lowor. 
mealy bloom which covers the surface. These are the conidia, 
little slender cylindrical bodies, rounded at the ends. 

Passing to the other bodies, which are of a deeper colour, it 

uid SometliiDg on it," in " Ganlenei's ChroDide," J 
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Passing to the c 

* "A Onnsnb Twig 
Jannarj 38, 1871. 



will Boon be discovered that, instead of being simple 

heads, each tubercle is composed of nameroua smaJler, nearly 

globose bodies, closely pocked together, oiUi-a compressed, all 



united to 
tubercles. If for ( 
the spot where thi 
pink, we shall not 




closelj' lesfinibliug the hase of the other 
moment we look at one of the tubercles near 
crimson tnherclea seem to merge into the 
ily find them particoloured, but that the red 
rved in 



points are the identical globose little heads just obsi 
clusters. This will lead to the Biispicion, which can aft-erwards 
be verified, that the red heads are really produced on the stem 
or stroma of the pink tubercles. 

A section of one of the red tubercles will show ua how mucli 
the internal Rtriictnre differs. The little snbglobose liodieB 
which spring' from n, common stroma or stem are hollow ahellB 
or capsules, externally granular, internally filled withageliitinona 
naoleuB. They are, indeed, tie perithecia of a sphEeiiaueons 
fungna of the genus Neelria, and the gelatinous nucleus contflina 
the fructifl cation. Still further examination will show tliat this 
fructification consists of cylindrical aaci, each enclosing eight 
elliptical sporidia, closely packed together, and mixed with 
slendev threads called paraphyses. 

Here, then, we have undoubted evidence of Neciria cinna- 
barina, with its fruit, produced in asci growing from the stroma 
or stem, and in intimate relationship with what was formerly 
named Tabercularia vulgaris. A fungus with two forms of fruit, 

■ Figs. 101 to 106 bj permission from the " Onrflener's Chrooicie. 
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e proper to the piak, or Tulercularia form, witli naked slender 
nidia, tlio otlier proper to the mature fongua, enclosed in asci, 
d generated within the walla of a perithecium, Instaucea of 
\s kind are now known to be far from uncommon, altbough 




F. section of stromat O' oa^hh uud p,iraphrASB- 

they cannot always, or often, be so clearly and distinctly traced 
as in the illustration which we have selected. 

It is not nncomraon for the conidia of fcbe Sphteria to partake 

of the cbaracteristica of a mould, and then the perithecia are 

developed amongat the conidial threads. ' A recently recorded 

instance of this relates to Sphmria Epochnii, B. and Br,* the 

conidia form of which waa long known before the Spliceria 

related, to it wag diacovered, auder the name of Epochmum, 

I JUngorum. The Epochnium forma a thin stratum, which oyer- 

•ioua species of Corticium. The conidia are at first uni- 

I Beptate. The perithecia of the Sphceria are at first pale bottle- 

I green, crowded in the centre of the Epochniwm, then black green 

lated, sometimes depressed at the Bammit, with a minute 

I pore. The sporidia are strongly constricted in the centre, at 

L first tmiseptate, with two nnclei in. each division. 

Another Spharia in which the association is undoubted is the 
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Spliaria aquUa, Fr.,' wliich. is almost always foniid ccBtliiig umH 
woolly brown Bnbicalum, for tLe most part composed of barren 
brown jointed tbreada. TheaB threads, however, produce, nnder 
favourable conditions, mostly before the perfection of the peri- 
thecia, minute subglobose conidia, and in this state constitnte 
what formerly bore the came of Sporoiriahum fuscujn, Link,, bat 
now recognized as Uie conidia of Spli<sria agiiila, 

nidulans, Schw., a North American species, we have 
oe found the dark brown snbicnlum bearing large 
nidia, having all the characters of the genns ITelmin- 
In Spiiarria piloses. P., MessTH. Berkeley and Broome 
have observed oblong conidia, rather irregular in outline, ter- 
minating the hairs of the perithecinm.-f The same authors 
have also figured the curions pentagonal conidia springing from 
flexnous threads accompanying Sphairia fclina, Pck].,J and also 
the threads resembling those of a Cladotrichum with the angular 
conidia of Bpliceria cupulifera, B. and Br.§ A most remarkable 
esample is also given by the Brothers Tulasne in Pleospora 
polylricJia, in which the conidia- bearing threads not only 
surround, but grow upon tlio peritliecia, and are crowned by 
fascicles of septate conidia. [| 

Instances of this kind have now become so numerous that 
only a few can be cited as examples of the rest. It is not at all 
improbable that the majority of what are now classed together 
OB species nnder the genns of black moulds, Helmintliotporium, 
will at aorao not very distant period bo traced as the conidia of 
different species of ascomycetous fungi. The same fate may 
also await other allied genera, but until this association is 
established, they must keep the rank and position which has 
been assigned to thera. 

Another form of dualism, differing somewhat in character 



• Cooke, " Handbook," ii. p. 853, Nd. 2540 ; specimeDa in Cc 
Brilannici Kiaiceati," No. 270. 
t Berk, aai Br. "Ann. Nat. Hiat." (1865), No. 10B8. 
t "Ann. Nat Hist." (1871), No. 1332, pi. u. £g. 23, 
9 Ibid. No. 1333, pi. i!ii, fig. 2i. 
II Tulaaoe, " Selccta Fangomm Carpologia," ii. p. 2dl>, ^1. 2E>. 
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from the foregoing, finds illustration in the sphsDriaceons genns 
Melanconis, of Tulasne, in which the free spores are still called 
conidia, though in most instances produced in a sort of spurious 
conceptaculum, or borne on short threads from a kind of 
cushion-shaped stroma. In the Melanconis sfilhostoma^* there, 
are three forms, one of slender minute bodies, oozing out in the 
form of yellow tendrils, which may be spermatia, formerly called 
Nemaspora crocea. Then there are the oval brown or olive brown 
conidia, which are at first covered, then oozing out in a black 
pasty mass, formerly Melanconium hicolor, and finally the sporidia 
in asci of SpJiceria stilhostoma, Fries. In Melanconis Berkeleii^ 
Tul., the conidia are quadrilocular, previously known as Stilbo^ 
spora macrosperma^ B. and Br. In a closely- allied species from 
North America, Melanconis hicornis, Cooke, the appendiculate 
sporidia are similar, and the conidia would also appear to partake 
of the character of Stilhospora. "We may remark here that we 
have seen a brown mould, probably an undescribed species of 
Dematieiy growing in definite patches around the openings in 
birch bark caused by the erumpent ostiola of the perithecia of 
Melanconis stilhostoma, from the United States. 

In Melanconis lanciformis^^ Tul., there are, it would appear, 
four forms of fruit. One of these consists of conidia, charac- 
terized by Corda as Coryneum disciformcX Stylospores, which 
are also figured by Corda under the name of Coniothecium hetu- 
limim ; pycnidia,§ first discovered by Berkeley and Broome, and 
named by them Hendersonia polycystis ; \\ and the ascophorous 
fruits which constituted the Sphceria lanciformis of Fries. ]Mr. 
Currey indicated Sendersonia polycystis^ B. and Br., as a form 
of fruit of this species in a communication to the Royal Society 
in 1857.^ He says this plant grows upon birch, and is in per- 
fection in very moist weather, when it may be recognized by the 

♦Cooke, "Handbook," ii p. 878; Tulasne, " Carpologia^" ii. p. 120, 
plate 14. 
t Tulasne, "Selsota Fung. Carp.,** ii. plate 16, 
:|: Corda, " Icones Fungorum,*' vol. iii. fig. 91, 
§ Corda, "Icones," vol. i. fig. 25. 
II Berk, and Br. " Ann. Nat. Hist." No. 415. 
11 Currey, in ** Philosoph. Trans. Eoy. Soc." (1857), pi. 25. 
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large black soft gelatinous protuljerancoa on the bark, fom 
by 8|K>res escaping and depositing themselves upon t 
tfie apex of the peri the clam, Thia I suepect to bo an abnom 
state of a well-known Spheeria (5. lanciformis), which j 
Qpon birch, and npon birch only. 

We might multiply, almost indefinitely, instances amongst the 
Sphisriacei, but have already given sufficient for illaatrntion, and 
will therefore proceed briefly to notice s 
the SltcoBii/celes, which also bear their complete or perfect fi 
in aaci. 

The beautiful purple stipitate cupa of Bulgaria eareoiAa,- 
which may be seen floarishing in the antumn on old rotten 
wood, are often accompanied by club-shaped bodies of the same 
colour; or earlier in the season these clavate bodies may be 
foand alone, and at one time bore the name of Tremella 
sarcoides. The upper part of these clubs disseminate a great 
abundance of straight and very slender spermatia. Earlier than 
this tbey are covered with globose conidia. The fully-raatnred 
Bulgaria develops on its hymenium ciavate delicate asci, each 
enclosing eight elongated hyaline sporidia, so tbat we have three 
forms of fruit belonging to the same fungua, viz. conidia and 
spermatia in the Tremclla stage, and sporidia contained in asci 
in the matnro condition.* The same phenomena occur with 
Bulgaria purpurea, a larger Hpecies with different fruit, long 
confounded with Bulgaria sarcoides. 

On the dead stems of nettles it ia very common to meet with 
small orange tubercles, not much larger than a pin's head, 
which yield at this stage a profusion of slender linear bodies, 
produced on delicate branched threads, and at one time bore the 
name of liacrymj/cet JJrticw, but which are now acknowledged to 
bo only a condition of a little tremelloid Peziza of the same siza 
and colour, which might be mistaken for it, if not examined 



with the microscope, but in which there 
sporidia. Both forms together are ni 
fungus, under the name of Beziza Ji 
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The otlaor scries of phenomena grouped together tmdcr the 
name of polymorphism relate to forma which are removed from 
each other, so that tlie myceliam is not identical, or, more 
nBuaJly, produced on diflereot plants. The first instance of this 
kind to which we shall make reference is one of partionlar 
interest, as illustrative of the old popular creed, that berberry 
bushes near corn-fields produced mildewed corn. There is a 
■village in Norfolk, not f^r from Great Yarmouth, called " Mil- 
dew Bollesbj," because of its unenviable notoriety in days past 
for mildewed corn, produced, it was said, by the berberry 
basheB, which were cut down, and then mildew disappeared 
from the corn-fields, so that Rollesby no longer merited its 
sobriquet. It has already been showo that the corn-mildew 
(Puccinia graminis) ia dimorphous, having a one-celled fruit 
(TrielnAasis), as well as a two-celled fruit {Puccinia). The 
fungus which attacks the berberry ia a species of cluster-cap 
{^cidium herheridia), in which little cup-like peridia, containing 
bright orange psendosporea, are produced in tufts or olustera on 
the green leaves, together with their spermogonia. 

De Bary's observations on thia aasociation of forms wore pnb- 
lished in 1865.* In view of the popular belief, he determined 
to BOW the spores of Puccinia graminis on the leaves of the ber- 
berry. For this purpose he selected the septate resting spores from 
Poapratenns and Tritieum repent. Having caused the spores to 
germinate in a moist atmosphere, he placed fragments of the 
leaves on which they had developed their secondary spores on 
young but full-grown berberry leaves, under the same atrao- 
apheric conditions. In from twenty-four to forty-eight houra 
a quantity of the germinating threads had bored through the 
walls and penetrated amongst the subjacent cells. This took 
place both on the upper and under surface of the leaves. Since, 
in former experiments, it appeared that the spores woald 
penetrate only in those cases where the plant was adapted to 
develop the parasite, the connection between P. graminii and 

* " UoDstebericIit der KoniglicbeB Freuss, Aoad. dec WisseiiBch&fteii xa 
Berlin," Jan. 186E ; Snnimary, in "Journ, Eoy. Hort. BoC., London," vol. i. 



^cid. ierberidit eeemed more than ever probable. In abont ten 
days the apermogoEia appeared. After a time the cut leaves 
began to decay, bo that the fungTis never got beyond the 
apermogonoid stage. Some three-year-old Bcodlings were then 
taken, and the germinating resting spores applied as before. 
The plants were kept nnder a bell-glasa from twenty-fonr to 
forty-eight hours, and then exposed to the air lilce other plants. 
From the sixth to the tenth day, yellow spots appeared, with 
single Bpermogonia; from the ninth to the twelfth, spermogonia 
appeared in nnmbcrs on either surface ; and, a few days later, 
on the nnder surface of the leaves, the cylindrical sporangia 
of the .licidium made their appearance, exactly as in the 
normally developed parasite, except that they were longer, 
from being protected from external agents. The younger the 
leaves, the more rapid was the development of the parasite, and 
sometimes, in the younger leaves, the luxuriance was far greater 
than in free nature. Similar plants, to the number of two 
hundred, were observed in the nursery, and though some of them 
had ^cidium pnatnlea, not one fresh pustule was produced ; 
while two placed under similar circntnstanccs, but without the 
application of any resting spores, remained all the summer free 
from Mcidium. It seems, then, indubitable so far that Mcidium 
horberidia does spring from the spores of Pucctnia gramiiiis. 

It has, however, to bo remarked that Do Bary was not equally 
sacccssful in producing the Puccinia from the spores of the 
jEcidiiim. In many cases the spores do not germinate when. 
placed on glass, and they do not preserve their power of germi- 
nating very long. Ho revert-s then to the evidence of experi- 
ments instituted by agrieulturisfa. Bonninghan sen remarked, in 
1818, that wheat, rye, and barley which were sown in the neigh- 
bourhood of a berberry bush covered with Mcidium contracted 
rust immediately after the matnration of the sporos of the Meidia. 
The rust was most abundant whore the wiad carried the spores. 
The following year the same observations were repeated ; the 
Bpores of the Mcidium were collected, and applied to some healthy 
plants of rye. After five or six days these plants were affected 
with rust, while the remainder of the crop was sound. In 1863 
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some winter rye was sown ronnd a berberry bosb, wbicb in the 
following year was infested witb .3icidium, whicb was mature in 
tbe middle of May, wben the rye was completely covered with 
rust. Of the wild grasses near the bnah, Tnticum repent was 
most affected. The distant plants of rj e were free fioni nist 

The spores of the Mudium wonld not germinate on berbeny 
leaves; the berberry iEctrfiUM could not therefore spring from 
the previous Meidittm The nredospores of Fucctma grammia 
on germinating penetrate into the parenchym of the grass on 
which tfaey are sown , but on berberry leaves, if the tips of the 
threads enter for a short distance into the stomates their growth 
at once ceases, and the leaves remain free &om parasites 




;^idium btjitridit, 

Montague has, however, described a Fuccinia berheridU on 
leaves of BerberU glauca from Chili, which grows in company 




with Mcidium Ivrbendia This at first sight seems to contradict 
the above conclusions ; but the ^cidiwm which from the same 
disc produces the puccinoid resting spores, appears to be dif- 
ferent from the European species, inasmuch as the cells of the 
wall of the sporangium are twice as large, and the spores de- 
cidedly of greater diameter.* The resting spores, moreover, 
" We lutre before ua ftn iSeidinm od leases of Berbmi vutgarii, colleotod at 
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differ not only from those of I'ucciaia graminU, bat from those 
of all other European species. 

From this account, then, it ib extremely probable that the 
Mcidium of the berberry enters into the cycle of existence of 
Puccinia graminU, and, if this be true, wherefore Ghonld not 
other Bpeciea of Fuecinia be related in like manner to other 
Mcidia t This is the conclnsion to which many have arrived, 
anJ, taking advantage of certain presnmptions, have, we fear, 
rashly associated many Buch forms together without substantia] 
evidence. On the leaves of the primrose we have commonly a 
specien of JScidium, Fuecinia, and Uromi/ees neariy at the same 
time ; we may imagine that all these belong to one cycle, bnt 
ithaanot yet been proved. Again, TTromi/ces cacalite, Unger, 
Vredo eacaliiB, Unger, and ^cidium cacalitB, Thumen, are con- 
sidered by Heufler • to form one cycle. Numerous others are 
given by Fuckel,t and De Bary, in the same memoir from which 
we have already cited, notes Uromyces appevdiculaiui. Link., 
U. phaseolorum,1a\., and Fuecinia tragopogonis, Ca., as possessing 
five kinds of reproductive organs. Towards the end of the year, 
shortly stipitate spores appear on their stroma, which do not fall 
off. These aporea, which do not germinate till after a shorter or 
longer winter rest, may conveniently be called resting spores, or, 
as De Bary calls them, teleufosporet, being the last which are 
produced. These at length germinate, become articulated, and 
produce ovate or kidney-shaped spores, which in their turn 
germinate, penetrating the caticle of the mother plant, avoiding 
the etomates or apertures by which it breathes. After about 
two or three weeks, the mycelium, which has ramified among the 

Berne \<j Sbuttleworth in IS33. It is named tiy him JEcidiu-m ffra-ceolcm, and 
tllfFerB ID the following parbiculara from ^cidiam berbeFtdia. The poridia are 
KLLttered se in jH, Epilobii, and not coUscted in clustera. Tha; nm not sa 
much elongated. The cells urn larger, and the omuge aporoa Dearlj twiea the 
dianieter. There ia a decided, Btrong, bnt unpleasant Dilonr in the freah plant ; 
bence the name. The above figures (liga. 107, lOS). of the cells aad aporea of 
both ipeciea are dravn b; camera lucida to the eame ecale — SSO diamelen. 

• Preiherrn von HohenhUhel-HeiiflEr, in " (Eslarr. Botan. Zeitschrif^" 
No. 8, 1870. 

t Fackel, "Sjmbole Mjcologicffi'' (1S69), p. 40, 
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tissues, produces an ^cidium, with ita constant companion, sper- 
mogonia — distinct cysts, that is, &om which a quantity of minute 
bodies 0OZ6 out, often in the form of a tendril, tho function of 
which is imperfectly known at present, but which from analogy 
we regard as a form of fruit, thongh it ia just possible that they 
may be rather of the nature of spcrmatozoids. The ^cidia 
contain, within a cellular membranous Bac, a frnctifying disc, 
'which produces necklaces of spores, which ultimately separate 
from each other in the form of a granular pow Jer. The graina 
of which it is composed germinate in their tarn, no longer 
avoiding the stomatea as before, but penetrating through their 
aperture into the parencTiym. The new resultant mycelium 
reproduces the Uredo, or fifth form of frnctiflcation, and the 
Uredo spores fall off hke those of the JEcidium, and in respect 
of germimitioD, and mode of penetration, present precisely the 
same phenomena. Tho diso which has produced the Uredo 
spores now gives rise to the i-eeting spores, and so the cycle ia 
complete.* 

The late Professor CErsted, of Copenhagen, was of opinion 
that ho had demonstrated the polymorphy of the Tremelloid 
Uredines, and satisfied himself that the one condition known as 
Podiioina was but another stage of Saitelia.^ Some freshly 
gathered specimens of Q-iimnospQrangmm were damped with 
water, and during the night following the spores germinated 
profusely, so that the teleutospnres formed an orange- coloured 
powder. A little of this powder was placed on the leaves of 
five small sorbs, which were damped and placed under bell- 
glpsses. In five days yellow spots were seen on the leaves, and 
in two days more indications of spermogonia. Tho spermatia 
were discharged, and in two months from the first sowing, , 

' Almost simnliancanBly with De Bary, tbe late Fcofesscr (Elated institiited J 

experiments, from wMch the Biinie results eoaaed, as to Jicidiam berbrridis aad I 

Par:ciaia graminia. See "Jouni. Hort. Soo. Load." now aer. i. p. 85. 1 

t "OveisigtOTercletKon, Dansfee VideDB. Selakaba" (1868), p. 1S5, t. 3. i; 

(IsaT,} p. 2Da, t. S, 4; "SSsarne dn Balletia de la Soc B07. Daaoise dea ' 
ScienoBB" (ISfle), p. 15 ; (1867), p. 38 ; '■ BotaniachB Zeitung" (IBS?), p. 104 ; 

" Qaekett Uioroecopicsl Clnb JonrnDiI," tdL ii. p. 2S0. j 

i J 
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the jicfidia of Sfxsielia appeared, ancl were developed. ''This 
trial of Bporcs," aays CErsted, " liaa conduced to the result ex- 
pected, and proves ttat the telcutosporoa of Oymnosporangium, 
when transported npon the soib, give rise to a totally different 
fungna, the Sceitelia aormila, that is to say, that an alteruato 
generation cornea between these fnngi. They appertain in con- 
aequoncQ to a single species, and the Gi/vinotporangium ceased to 
bo aa independent specieB, and mnst be considered as synony- 
mous with the first genei'ation of Sceslclia. The spores havo 
been transported npon jounr- shoots of the janiper-treo, and 
have now commenced to produce some mycelium in the bark. 
There is no doubt that in next spring it will result in Gi/mno- 
sporangium." 

Babseqnontly the same learned professor instituted similar 
oxpcriraenta upon other hosts, with the spores of Fodisoma, and 
from thence he concluded that Mmatelia and Podisoma, in all 
their known species, were but forms the one of the other. 
Hitherto we are not aware that these results have been con- 
firmed, or that the sowing of the spores of EiesleUa onjaniper 
resulted in Fodisoma. Such experiments should be received 
always with caro, and not too hastily accepted in their apparent 
results as proven facts. "Who shall say that Scestelia would not 
have appeared on Soi-liis within two months without the sowing 
o£ Fodisoma spores? — bocauso it is not by anymeana uncommon 
for that fungus to appear upon that plant. It is true many 
mycologists write and speak of Mcestelia and Fodisoma (or 
Gifjnnosporait/fium) as identical ; but, as we think, without the 
evidence being so complete as to be beyond suspicion. It is, 
nevertheless, a curious fact tha,t in Europe the number of species 
of Emstelta and Fodisoma are equal, if one species ba exeladed, 
which is certainly not a good Fodisoma, for the reception of 
wliich a new genus has been proposed.* 

Amongst the ascigerous funj^i will be found a curious bat inte- 
resting genus formerly called Cordi/cdpa, but for which Tulaana, 
' I consequence of the discovery of secondary forms of fruit, 
r, aa proposed in " Journ. Qnekatt 
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has Bnbstituted thsit of Turrulia." These curious ftiiigi partake 
more or Ies3 of a clavate form, and are parasitio on insects. 
The pupEB of moths are sometimes seen bearing npon them the 
white bnmched mould, aometliing like a, Clauai-ia in appearance, 
to which the narao of Jsaria farinosa has been giren. According 
to Tulaaae, tbia ia the conidia form of the bright scarlet, club- 
shaped body which \a also found on dead popa;, called Torruhia 
wiilitaris. An American mould of the Bamo genus, Isaria 
ephingum, found on mature m.oths,f is iu like manner declared to 
be the conidia of Torruhia spltingwni; whereas a similar mouldj 
found on dead spidcra, called Isaria arao}mophila,X is probably 
of a similar nature. An allied kimd of compact mould, which 
is parasitic on Cocci, on the bark of trees, recently fonnd in 
England by Mr. C. E. Broome, and named Microcera coccopkila,^ 
is said by Tulaane to bo a condition of Sphcerostilhe, and it is 
intimated that other prodnctiona of a similar character bear 
like relations to other sphceriaccous fungi. For maay species 
of Torruhia no corresponding conidia are yet known. 

Some instances might be noted, not without interest, in 
which the facta of dimorphism or polymorphism have not been 
satisfactovily proved, but final judgment is held in suspense 
until suspicion is replaced by conviction. Some yeara since, a 
quantity of dead box leaves were collected, on wliich flonrished at 
the time a mould named Penicillium roteum. This mould has a 
roseate tint, and occurs in patches on the dead leaves lying upon 
the ground ; the threada are erect and branched above, bearing 
chains of oblong, somewhat spindle-shaped aporea, or, perhaps 
more accurately, conidia. When collected, these leavea were 
examined, and nothing was observed or noted upon them except 
this Penicilliwm. After some time, certainly between two and 
three years, daring which period the bos remained andisturbed, 
circumstances led to the examination again of one or two of the 
leaves, and afterwards of the greater number of them, when the 



• Tulasno, " Soleota Fungorum Carpologin,' iii. 

+ Crainor'a "PapiUo Eiotio" (1782), fig. 267. 

t Cooke, " Haniibook,'" p. 6JS, So. 1639, 

S Ihid. p. E5fl, No. 1668. 
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patchea of PenicilUum were round to be intormiied with aoof^^l 
mould of a higher developmcTit, and far different character. 
This nionld, or rather Mueor, consists of erect branching 
threads, many of the branches terminating in a deKcat* globose, 
glassy head, or sporangiunij containing numerona very minate 
subgloboso Hporidia. This EpecieB was named Mucor hyalintts.* 
The habit ia very much like that of the PenicilUum, but without 
any roseate tint. It is almost certain that the Mucor could not 
have been present wheTi the 'PenicilUum was examined, and the 
loaves on which it had grown were enclosed in the tin boi, but 
that the Mucor afterwards appeared on the same leaves, Eome- 
times from the same patches, and, as it would appear, from the 
same mycelium. The great difference in the two epocies lies in 
the fructification. In the Penieillium, the spores are naked, and 
in moniliform threads ; whilst in Mucor the spores are enclosed 
within globose membraneous heads or sporangia. Scarcely caji 
we doubt that the Mucor alluded to above, found thus intermixed, 
under peculiar circumstances, w^th Penieilliuni roisum, is no other 
than the higher and more complete form of that Bpecies, and 
that the Penieilliuni is only ita conidiiferous state. The pre- 
sumption in this case is strong, and not so open to suspicion as it 
wonld bo did not analogy render it so estremely probable that 
snch is the case, apart from the fact of both forms springing 
from the same mass of mycelium. In such minute and delicate 
structures it ia very difficult to manipulate the specimens so as 
to arrive at positive evidence. If % filament of mycelium conid 
be isolated sncceasfnlly, and a fertile thread, bearing the frnit of 
each form, oould be traced from the same individual mycelium 
thread, the evidence wonld be conclusive. In default of such 
eonclnaive evidence, we are compelled to rest with assumption 
nntji further researches enable us to record the assumption aa 
fact.t 

Apropos of this very connection of PenicilUum with Mvcor, a 
similar suspicion attaches to an instance noted by a wholly di» 
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interested observer to this effect. " On a preparation preserved 
in a moist chamber, on the third day a white speck was seen on 
the surface, consisting of innumerable * yeast ' cells, with some 
filaments, branching in all directions. On the fourth day tufts 
of Fenicillium had developed two varieties — P. glaucum and 
P. viride. This continued until the ninth day, when a few of 
the filaments springing up in the midst of the JPenicillium were 
tipped with a dewdrop-like dilatation, excessively delicate — ^a 
mere distended pellicle. In some cases they seemed to be 
derived from the same filament as others bearing the ordinary 
branching spores of Tenicillium, but of this I could not be 
positive. This kind of fructification increased rapidly, and on 
the fourteenth day spores had undoubtedly developed within the 
pellicle, just as had been observed in a previous cultivation, 
precisely similar revolving movements being also manifested."* 
Although we have here another instance of Mucor and Fenicillium 
growing in contact, the evidence is insufficient to warrant more 
than a suspicion of their identity, inasmuch as the equally 
minute spores of Maicot and JPenicillium might have mingled, 
and each producing its kind, no relationship whatever have 
existed between them, except their development from the same 
matrix. 

Another case of association — for the evidence does not proceed 
further — was recorded by us, in which a dark-coloured species 
of Fenicillium was closely associated with what we now believe 
to be a species of Macrosporium — but then designated a Spo- 
ridesmitim — and a minute SjphcBria growing in succession on 
damp wall-paper. Association is all that the facts warrant us 
in calling it. 

We cannot forbear alluding to one of the species of Spharia 
to which Tulasne t attributes a variety of forms of fruit, and we 
do so here because we think that a circumstance so extraordi- 
nary should be confirmed before it is accepted as absolutely true. 
This refers to the common Sphceria found on herbaceous plants, 

* Lewis's ** Report on Microscopic Objects found in Cholera Evacuations," 
Calcutta, 1870. 

t Tulasne, "Selecta Fungorum Carpologia," ii. p. 261. 



a Sj}Iiieria {PJeospora) Tierbarum. Fixst of all tlio very 
I mould called C'ladogporiam herhanim ifl constitutod aa 
cODidin, and of this again Macrosporium tareiintia. Berk., is con- 
Bidered to bo another condition. In the next place, Ci/lispora 
orbieularU, Berk., and Phovia hei-haitim. West, are regarded aa 
pycnidia, enclosing stylosporea. Then Allernarta tenuis, Pr.,* 
which is said to be parasitic on Cladosporium herharum, is held 
to be only a form of that species, bo that here we have (incladiiig 
tho ^erithecia) no less than eix forms or phases for the same 
fungus. As Macrosporium CkeiranlTii, Pr., often is found in 
company with Cladosporium herlarvm, that is also open to 
saspicion. 

We have addnced in the foregoing pages a few instances 
which win serve to illnatra.te the polymorph iam of fangi, 
Some of these it will be observed are accepted as beyond donbt, 
occurring aa they do in intimate relationship with each other. 
Others are considered as scarcely bo well established, but 
probable, although developed, sometimes on dilTerent species of 
plants. Finally, some are reg-arJed aa hitherto not FBtisfactorily 
proved, or, it may be, only suspicious. In this latter gronp, 
however much probability mny be in their favour, it can hardly 
be deemed philosophical to accept them on such slender evidence 
as in some cases alone is aiTorded. It would not have been 
difficult to have extended the latter group considerably by the 
addition of instances enumerated by various mycologists in 
(heir works without any explanation of the data upon which 
their conclusions have been founded. In fact, altogether this 
chapter mnst be accepted as illnatrative and suggestive, but by 
no means as exhanstive. 

• Co^3a, "Prachtfloni,'' pkW ril. 
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INFLUENCES AND . EFFECTS. 

It is no longer doubted that fungi exercise a large and very 
important influence in the economy of nature. It may be that 
in some directions these influences are exaggerated ; but it is 
certain that on the whole their influence is far more important 
for evil and for good than that of any other of the Cryptogamia. 
In our endeavour to estimate the character and extent of these 
influences it will prove advantageous to examine them under 
three sections. 1. Their influence on man. 2. Their influence 
on lower animals. 3. Their influence on vegetation. Under 
these sections the chief facts may be grouped, and some approxi- 
mate idea obtained of the very great importance of this family of 
inferior plants, and consequently the advisability of pursuing 
their study more thoroughly and nationally than has hitherto 
been done. 

I. In estimating the influence of fungi upon man, we naturally 
enough seek in the first instance to know what baneful effects 
they- are capable of producing on food. Although in the case of 
"poisonous fungi," popularly understood, fungi may be the 
passive agents, yet they cannot be ignored in an inquiry of this 
nature. Writing of the Uses of Fungi, we have already shown 
that a large number are available for food, and some of these 
real delicacies ; so, on the other hand, it becomes imperative, 
even with stronger emphasis, to declare that many are poisonous, 
and some of them virulently so. It is not sufficient to say that 
they are perfectly harmless until voluntarily introduced into the 
human system, whilst it is well known that accidents are always 
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possible, and probably would be if every baneful fiingus bad tlio 
word poiBOS inscribed in capitals on its pileus. 

Tbe inquiry ia constantly being made as to what plain ruli'S 
can be giren for distinguisbing poisonous from edible fongi, and 
■ we can answer only that there are none otber than those whicb 
apply to flowering plants. How can aconite, henbane, cenanthe, 
stramoniain, and such plants, be distinguished from parsley, 
sorrel, watercress, or spinach ? Manifestly not by any general 
characters, but by specific differences. And so it is with the 
fungi. We must learn to disciiminato Ai^aricus moicarius from 
Affaricus ruhescetis, in the same manner as we would disoriniinate 
parsley from ^ilima cynapium. Indeed, fungi have an advantage 
in this respect, since one or two general cautions can be given, 
when none snch are applicable for higher plants. For instance, 
it may be said truly that all fiingi that exhibit a rapid change 
to blue when bruised or broken should bo avoided; that all 
Agarics are open to SQSpicion which possess an acrid taste ; tliat 
fungi fonnd growing on wood should not be eaten unless the 
species is well known ; that no species of edible fungus has a 
strong, unpleasant odour, and similar cautions, which, after all, 
are insufficient. The only safe guide lies in mastering, one by 
one, the specific distinctions, and increasing the nnrabor of one's 
own esculents gradually, by dint of knowledge and cxpericace, 
even as a child learns to distinguish a filbert from an acorn, or 
with wider experience will thrust in his month a leaf of Oxalia 
and reject that of the white clover. 

One of the most deleterious of fungi that we possess is at the 
same time one of the most beautiful. This is the Agnricitt 
muacarius, or Fly Agario, which ia sometimes used as a fly 
poison.* It has a bright crimson pileus studded with pale 
whitish (sometimes yellowish) warts, and a stem and gills of 
ivory whiteness. Many instances have been recorded of poisoa- 
ing by this fungus, and amongst them some British soldiers 
abroad, and yet it cannot be doubted that this fungus is eaten ia 

* A detailed accoaat of the poculiur propertiua of this fungna and its employ 
meat ca & narcotic will be faunii in Cooke's "SeT«n Sisters of Bleep," p, S3T. 
It is figured ia Qcerilla'a "Scottiah OrjptogBmic Flom," plate 51. 



INFLUENCES AND EFFECTS. 211 

Russia. Two instances have come nnder our notice of persons 
with some botanical knowledge, and one a gardener, who had 
resided in Russia and eaten of this fungus. In one case the Fly 
Agaric was collected and shown to us, and in the other the 
figure was indicated, so that we might be under no doubt as to 
the species. Only one hypothesis can be advanced in explana- 
tion. It is known that a large number of fungi are eaten in 
Russia, and that they enter much into the domestic cookery of 
the peasantry, but it is also known that they pay considerable 
attention to the mode of cooking, and add a large amount of salt 
and vinegar, both of which, with long boiling, must be powerful 
agents in counteracting the poison (probably somewhat volatile) 
of such fungi as the Fly Agaric. In this place we may give a 
recipe published by a French author of a process for rendering 
poisonous fungi edible. It must be taken on his authority, and 
not our own, as we have never made the experiment, notwith- 
standing it seems somewhat feasible : — For each pound of mush- 
rooms, cut into moderately small pieces, take a quart of water 
acidulated with two or three spoonfuls of vinegar, or two spoon- 
fuls of bay salt. Leave the mushrooms to macerate in the liquid 
for two hours, then wash them with plenty of water ; this done, 
put them in cold water and make them boil. After a quarter or 
half hour's boiling take them off and wash them, then drain, and 
prepare them either as a special dish, or use them for seasoning 
in the same manner as other species.* 

This method is said to have been tried successfully with some 
of the most dangerous kinds. Of these may be mentioned the 
emetic mushroom, Hussula emetica, with a bright red pileus and 

* Pour chaque 500 grammes de champignons coupes en morceaux d*assez 
mediocre grandeur, il faut un litre d'eau acidul6e par deux ou trois cuiller^es de 
vinaigre, ou deux cuiller6es de sel gris. Dans le cas ou Ton n'aurait que de I'eau 
ik sa disposition, il faut la renouveler une ou deux fois. On laisse les cham- 
pignons mac4rer dans le liquide pendant deux heures enti^res, puis on les lave ^ 
grande eau. lis sont alors mis dans de I'eau froide qu'on porte d, r6buIIition, et 
apr^s un quart d'heure ou une demi-heure, on les retire, on les lave, on les 
essuie, et ou les appr^te soit comme un mets special, et ils comportent les 
m^mes assaisonnements que les autres, soit comme condiment. — Morel TraUi 
des ChampignonSf p. lix. Paris, 1865. 
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white gilla, wliiel: lias a clear, waxy, temptiiig appearance, 
wliich is so viruleub thab a small portion is sufficient to prodi 
disagreeable consequences. It would be safer to escbow all fnngi 
witb a red or crimson pileus than to rtiD the risk of iudalging itj 
tliie. A wbite species, which, howeveT-, ia not very common, 
with a bulboaa baso enclosed in a volya, called Agaricut eemua, 
should also be avoided. Tlic piuk spored speciea ahonld also bo 
h suspicion. Of tbe Boleli several turn blue when 
r broken, and these again require to be discarded. This is 
especially the case with Boledia luridtis* and Boletus SafanaK,'t 
two species which have the under surface or orifice of the pores 
of a vermiiion or blood-red colour. 

Not only are species which are known to be poiaonona to be 
avoided, but discretion shonld be used in eating recognized good 
speciea. Fungi undergo chemical changes so rapidly that even 
the cultivated niusliroom may canse inconvenience if kept so 
long after being gathered as to undergo cbomical change. It is 
not enougb that they should be of a good kind, but also fresh. 
The employment of plenty of salt in their preparation ia calcu' ■ 
lated very much to neutralize any deleterioua property. Salt, 
pepper, and vinegar are mnch. more freely employed abroad in 
preparing fongi than with us, and with manifest advantage. 
It is undoubtedly true that fungi exert an important influence 
1 skin diseases. This scorns to be admitted on all hands by 
ledical men, J however nmcb they may differ on the question of 
the extent to which they are tlie cause or consequence of disease. 
Facta generally seem to bear out the opinion that a great number 
of skin diseases are aggravated, and even produced, by fungi. 
Robin § insists that a peculiar soil is necessary, and Dr. Fox 
says it is usually taught that tuberculona, scrofulous, and dirty 
people furnish the best nidus. It is scarcely necessary to enu- 

* Smilh'i " Chart of FoiaonoaB Fungi," fig. 10. 

t Ibid. fig. 27. It would be vtell ia become ftcquaintcd with sM ibeee EKnrea. 

t " Bkin Diaeasea of Pttmsitic OriRtn," by Dr, Tilbury Fox. London, 18^3, 

§ Bobin, " HiBt. Nitt. des V^getanx Famites." Paris, 1853. Kpcbenmeis(«r, 
''AniniaJ utd Tegelable Fnnisitea of tbo Qnman Bad;.'' London, Sydenlmm 
Society, ISST. 
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merate all these diseases, with which medical men are familiar, 
but simply to indicate a few. There is favus or scall-head, 
called also " porrigo," which has its primary seat in the hair 
follicles. Plica polonica, which is endemic in Russia, is almost 
cosmopolitan. Then there is Tinea tonsurans. Alopecia, 
Sycosis, &c., and in India a more deeply-seated disease, the 
Madura Foot, has been traced to the ravages of a fungus 
described under the name of ChionypJie Carteri,* It is probable 
that the application of different names to the very often im- 
perfect forms of fungi which are associated with different 
diseases is not scientifically tenable. Perhaps one or two 
common moulds, such as Aspergillus or PenicilUum, lie at the 
base of the majority, but this is of little importance here, and 
does not affect the general principle that some skin diseases are 
due to fungi. 

Whilst admitting that there are such diseases, it must be 
understood that diseases have been attributed to fungi as a 
primary cause, when the evidence does not warrant such a 
conclusion. Diphtheria and thrush have been referred to the 
devastations of fungi, whereas diphtheria certainly may and 
does occur without any trace of fungi. Fevers may some- 
times be accompanied by fungoid bodies in the evacuations, 
but it is very difficult to determine them. The whole 
question of epidemic diseases being caused by the presence 
of fungi seems based on most incomplete evidence. Dr. 
Salisbury was of opinion that camp measles was produced by 
Puccinia graminis, the pseudospores of which germinated in 
the damp straw, disseminated the resultant secondary bodies in 
the air, and caused the disease. This has never been verified. 
Measles, too, has been attributed freely, as well as scarlatina, t 
to fungal influences, and the endeavours to implicate fungi in 
being the cause of cholera have been pertinaciously persevered 
in with no conviction. The presence of certain cysts, said to 
bo those of XJrocystiSy derived from rice, was announced by Dr. 

• Berkeley, in "Intellectual Observer," Nov., 1862. "Mycetoma," H. 
Vandyke Carter, 1874. 
t Hallier and Zum, "Zeitschrift fOr Parasitenkande." Jena, 1869-71. 
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Hallier, but when it was bLowk that no such fun^ns wa 
on rice, this phase of the theory collapsed. Special and 
tent experts were sent from this country to esamine the prepara- 
tions and hear the esplautttion.s of Dr, Hallier on his theory of 
cholera contagion, but they were neither convinceil nor Batisficd. 

As long ago as 1853, Dr. Lander Lindsay examined and 
repotted on cholera evacuations, and in 1856 he declared — " It 
will be evident that I can see no satisfactory groundwork for 
the fungns theory of chok-ra, which I am not a little surprised 
to find still possesses powerful advocates." * And of the exam- 
inations nndertaken by him lie writes : — " The mycelinni and 
gpomles of Tarions species of fungi, constituting vurioua forms 
of vegetable monld, were found n the a m of the vomit, as 
well as of the stools, but only at S m staj, of decomposition. 
They are found, however, nnder s m lar amstances, in the 

voinit and stools of other disea and nd d, in all decotn- 
posing animal fluids, and they are the efore fa from peculiar to 
cholera." 

Some writers have held that th atm jh e is often highly 
charged with fungi spores, othe s ha e d n d the presence of 
organic bodies to any extent in the a The experiments oon- 
dacted in India by Dr, Cunningham t ha e been convincing 
enough on this point. This i-opo t atat s that sp res and similar 
cells were of constant occurrence and w eg rally present in 
considerable numbers. That the m j t} of the cells were living 
and ready to undergo development n m et ng with suitable 
conditions was very manifest, as n th o a a in which prepa^ 
rations were retained under observation for any length of time, 
germination rapidly took plojio in many of the cells ; indeed, 
many spores already germinating were deposited on the slides. 
In few instances .did any development take place beyond the 



• Dr. Lander Lindsay, "On Mioroacopioal and Clinical Ciatactor! of Cholera 
EraouationB," reprinted from "Edinburgh Medical Journnl,'' Febrnnry ind 
March, 1856 ; also " Clinical Notea on Cholera," by 'W- Laadar Lindsay, M.D., 
F.L.S., in "AsaodationMEdioilJouniar' for April 14, 1354. 

-|- "Miaroscopic EiaminnliDnB of Air," from the " Ninth Annual Koport of Um 
SMiitarj CommiaBioner," Oalontla, 1873. ■ 
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formation of mycelium or masses of toruloid cells, but in 
one or two distinct spomles were developed on the filaments 
arising from some of the larger septate spores, and in a few 
others Penicillium and Asjpergillus produced their characteristic 
heads of fructification. 

With regard to the precise nature of the spores and other 
ceils present in various instances little can be said, as, unless 
their development were to be carefully followed out through all 
its stages, it is impossible to refer them to their correct species 
or even genera. The greater number of them are apparently 
referable to the old orders of fungi — Sphceronemei^ Melanconei, 
Torulacei, Dematiei, and Mucedines, while some probably be- 
longed to the IPucciniei and CocBtnacei. Amongst those belonging 
to the Torulacei, the most interesting was a representative of 
th» rare genus Tetraploa. Distinct green algoid cells occurred 
in some specimens. Then follow in the report details of obser- 
vations made on the rise and fall of diseases, of which diarrhoea, 
dysentery, cholera, ague, and dengue were selected and compared 
with the increase or diminution of atmospheric cells. The con- 
clusions arrived at are : — 

" Spores and other vegetable cells are constantly present in 
atmospheric dust, and usually occur in considerable numbers ; 
the majority of them are living, and capable of growth and 
development. The amount of them present in the air appears 
to be independent of conditions, of velocity and direction of the 
wind, and their number is not diminished by moisture. 

" No connection can be traced between the numbers of 
bacteria, spores, &c.y present in the air, and the occurrence of 
diarrhoea, dysentery, cholera, ague, or dengue, nor between the 
presence or abundance of any special form or forms of cells, and 
the prevalence of any of these (diseases. 

" The amount of inorganic and amorphous particles and other 
debris suspended in the atmosphere is directly dependent on 
conditions of moisture and velocity of wind." 

This report is accompanied by fourteen large and well-executed 
plates, each containing hundreds of figures of organic bodies col- 
lected from the air between February and September. It is valu- 



ttble both for its evidence aa to the number and charaotev 
eporcs in the air, and also for* the tables showing the relatloi 
between five forms of disease, and their fluctuations, aa com- 
pared with the amount of aporea floating in the atmosphere. 

We are fain to beUeve that we have represented the influence 
of fungi on man as far as evidence sceraa to warrant. The 
presence of forms of mould in some of their incipient conditions 
in different diseased parts of the hnnian body, eitemally and 
internally, may be admitted without the assumption that they 
are in aby manner the cause of the diseased tissues, except in 
anch cases aiS we have indicated. Hospital gangrene m&y be 
alluded to in this connection, ajid it is possible that it may be 
due to some fungus allied to the crimson spots (blood rain) 
which occur on decayed vegetation and meat in an incipient 
stage of decomposition. This fnugns was at one time regarded 
as an algal, at another as animal ; but it ie much more probable 
that it is a low condition of some common mould. The readiness 
with which the spores of fungi floating in the atmosphere 
adhero to and establish themselves on ail putrid or corrupt sub- 
stances is manifest in the experience of all who have had to do 
with the dressing of wounds, and in this case it is a matter of 
the greatest importance that, aa much as possible, atmospherical 
contact should be avoided. 

Recently a case occurred at the Botanic Gai-dena at Edin- 
burgh which was somewhat novel. The assistant to the bota- 
nical professor was preparing for demonstration Bome dried 
specimens of a large puff-ball, filled with the dust-like spores, 
which he accidentally inhaled, and was for some tinje confined 
to his room under medical attendance from the irritation they 
caused. Ttis would seem to prove that the spores of some 
fungi are liable, when inhaled in large quantities, to derange 
the system and become daugcrons ; but under usual and natural 
conditions such spores are not likely to be pi'esent in the atmo- 
sphere in sufficient quantity to cause inconvenience. In the 
autumn a, "very largo number of baaiillospores must be present 
in the atmosphere of woods, and yet there is no reason to 
believe that it is more unhealthy to breathe the atmosphere of 
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a wood in September or October than in Jananry or May. 
Dreftdfol effects are said to be produced by a specicB of black 
rnst which attacks the large South of Europe reed, Arundo donax. 
Thia 13 in all probability the same species with that which 
attacks Arundo phraffmittg in thia country, the spores of which 
produce violent headaches and other disorders amongst the 
labourers who cut the feeds for thatching. M. Michel statfls 
that the sporea from the parasite on Arundo donax, eitherinhaled 
or injected, produce violent papular eruption on the face, 
attended with great swelling, and a variety of alarming symp- 
toms which it is unaeceaaary to particularize, in varioaa parts of 
the body.* Perhaps if Sarcina should ultimateiy prove to be a 
fnngua, it may bo added to the list of thosa which aggravate, if 
they are not the primary cause of, disease in the human subject. 
» II. What inSuences can be attributed to fungi upon animals 
other than man ? Clearly instinct preserves animals from many 
dangers. It may be presumed that under ordinary circum- 
stancBs there is not much fear of a cow or a shoep poisoning 
itself in a pasture or a wood. Bat under extraordinary 
circarastanceB it is not only possible, bat very probable, that 
injuriea may occur. For instance, it is well known that not 
only rye and wheat, but alao many of the grasaea, are liable to 
infection from a peculiar form of fungus called "ergot." In 
certain seasons this ergot is miaoh more common than others, 
aud the belief ia strong in those who ought to know something 
of the subject from experience, viz., farmers and graziers, that in 
such seasons it is not uncommon for cattle to slip their young 
through feeding on ergotized grass. Then, again, it ia fairly 
open to inquiry whether, in years when "red rnat" and 
" mildew " are more than usually plentiful on grasses, these 
may not be to a certain extent injurious. Without attempting 
to associate the cattle plaguo in any way with fungi on 
graaa, it ia nevertheless a most remarkable coincidence that 
the year in which the cattle disease was most prevalent in 
. this country waa one in which there waa — at least in some 
districts— mora "red rust" on grasses than we ever remem- 
• " Gardener's Chroiiicle," March 26, 1364. 
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ber to have seen before or since ; the clothes of a pPi 
walking through tho ruaty field soon became o range- coloareiF 
from tho abundance of spores. Graziers on this point again 
Beem to be generally agreed, that they do not think " rod rust " 
has been proved to be injnriona to cattle. The direct infiuence 
oT fungi on quadrupeds, birds, reptilia, Ac, seems to be in- 
finiteslmally small. 

Insects of various orders have been observed from time to 
time to become the prey of fungi.* That known at Gnadalonpe 
under tho namo of La Gtiepe VigStale, or vegetable wasp, has 
been often cited as evidence that, in some instances at least, 
the fungus attaclts the insect whilst atil! living. Dr. Madianna 
states that he has noticed the w.asp still living with its iii' 
cumbrance attached to it, though apparently in the last stage of 
existence, and seeming about to perish from the influence of it» 
destructive parasite.f This fungus is called by Tulasne ToiTvibia 
spheeocephtda-X Aboat twenty-five species of this genus of 
sphffiriaceous fungi havo been described as parasitic on insects. 
Five species are recorded in South Carolina, one in Penn- 
sylvania, found on the larvo; of the May-bug, and one other 
North American species on Nocturnal Lepidoptera, one in 
Cayenne, one in Brazil, on tho larva of a Cicada, and one on a 
species of ant, two in the West Indies, one in Kew Guinea on 
a species of Coccus, and one on a species of Veapa in Senegal. 
In Australia two species have been recorded, and two are natives 
of New Zealand. Dr. Hooker found two in the Kiassya monn- 
tains of India, and one American species has also been found 
at Darjeeling. It has long been known that one species, which 
Las a medicinal repute there, is found in China, whilst three 
have been recorded in Great Britain. Opinions are divided as 
to whether in these instances the fungus causes or is subsequent 
to the death of the insect. It is generally the belief of ento- 
mologists that the death of the insect is caused by the fungus. 

• Gray, G., "Notices of Insects that ai-o Enown to Form tha Bnsca of Fungoid 
Parasitea." London, 1858. * 

t HiJser, "AnD. Ljoeum," Naw York, 1824, p. 12S. 
J Tolaane, " Sel^ta Pnng. Carp." toI. iii. p. IT. 
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In the case of Isaria sphingum^ which is the conidia form of a 
species of Torrubia, the moth has been found standing on a leaf, 
as during life, with the fungus sprouting from, its body. 

Other and less perfect forms of fungi also attack insects. 
During the summer of 1826, Professor Sebert collected a great 
many caterpillars of Arctia villica, for the purpose of watching 
their growth. These insects on arriving at their full size became 
quite soft, and then suddenly died. Soon after they became 
hard, and, if bent, would easily break into two pieces. Their 
bodies were covered with a beautiful shining white mould. 
If some of the caterpillars affected with the parasitic mould 
were placed on the same tree with those apparently free from 
its attack, the latter soon exhibited signs that they also were 
attacked in the same manner, in consequence of coming into 
contact with each other.* 

During the spring of 1851, some twelve or twenty specimens 
were found from amongst myriads of Cicada septemdechrij which, 
though living, had the posterior third of the abdominal contents 
converted into a dry, powdery, ochreous-yellow compact mass 
of sporuloid bodies. The outer coverings of that portion of 
the insect were loose and easily detached, leaving the fuogoid 
matter in the form of a cone affixed by its base to the unaffected 
part of the abdomen of the insect. The fungus may commence, 
says Dr. Leidy, its attacks upon the larva, develop its mycelium, 
and produce a sporular mass within the active pupa, when many 
are probably destroyed; but should some be only affected so far 
as not to destroy the organs immediately essential to life, they 
might undergo their metamorphosis into the imago, in which 
case they would be affected in the manner previously described. f 

The common house-fly in autumn is very usually subject to 
the attacks of a mouldy fungus called Sporendonema muaaje, or 
Emptisa muscm in former times, which is now regarded as the 
terrestrial condition of one of the Saprolegniei^X The flies 
become sluggish, and at last fix themselves to some object on 

♦ "BerUn Entom. Zeitung," 1858, p. 178. 

f V Smithsonian Contributions to Knowledge," v. p. 58. 

t " Wiegraann Archiv/* 1835, ii. p. 354 ; " Ann. Nat, Uist." 1S41, 406. 



which they die, with thoir logs extended and head depress 
the body and wings soon becoining covered with a minute whi1 
raonld, the joints of which fall on the aurroniiding object. Ei- 
amploa are readily distinguished when they settle on windows 
and thus succumb to their foe. Mr. Gray says that a similar 
moald has been observed on individnals of the wasp f&mily. 

A Qryllotalpd was found in a wood near Newark, Delaware, 
U- S., upon turning oyer a log. The insect was seen standing 
very quietly at the mouth of its oral cell, which is formed 
in the earth, having a short curved tube to the snrface. Upon 
talcing it up it exhibited no signs of movement, though perfectly 
fresh and lifelike in appearance. On examining it nest morning 
it still presented no signs of life. Every part of the insect was 
perfect, not even the antennie being broken. Upon feeling it, 
it was very hard and resistant, and on making an inciaion 
through the thorax it exhaled a. fungoid odour. The insect had 
been invaded by a parasitic fungus which everywhere filled the 
animal, occupying the position of all the soft tissne, and extend- 
ing even into the tarsal joints. It formed a yellowish or cream- 
oolonred compact mass.* 

The destructive silk-worm disease, Solri/lis Baseiaiia, is aleo 
a fungus which attacks and destroys the living insect, concern- 
ing which an immense deal has been written, hut which has not 
yet been eradicated. lb has also been supposed that a low form 
or imperfect condition of a niould has much to do 
disease of bees known as " foul brood. "t 

Penicillium Fieberi, figured by Corda on a beetle, was donl 
leas developed entirely after death, with which event it 
probably nothing whatever to do. J Sufficient, however, 
been written to show that fungi have an influence on insect lili 
and this might be extended to other animal forms, as to spiders, 
on which one or two species of Isaria are developed, whilst 
Dr. Leidy has recorded observations on Julus^ which may be 

• Leidy, "Proo. Acad. Nat. Soi. Phil." 18SI, p. 204, 

+ " Gicdener'a Chronicle," November 21, 1S08. 

t Cordtt, " Praclitflora," pi. is. 

9 Leidj, "Fauna and Flora vithin Iiiiing Animals," in "Smlthsooitin 
tiibutioiia to Knowledge." 
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' pernsed with advantage. Fist are subject to a mouldy- looking 
parasite belonging to the Saprolegniei, and a similar form 
attacks tbe ova of toads and frogs. Gold iisb in globes and 
aqnaria are very subject to attack from this mouldy enemy, and 
although we have seen them recover nndera constant change of 
water, tbia is by no means always the case, for in a few weeks 
tbe parasite will usually prevail. 

The influence of fungi upon animals in countries other than 
European is very little known, except in the case of the apeciea 
of Torrubia found on insects, and the diseases to which silk- 
worms are subject. Instances have been recorded of the occm'- 
rence of fungoid mycelium — for in moat it ia nothing more — in 
the tissues of animals, in the hard structure of bone and shell, 
in the intestines, lungs, and other ileshy parts, and in various 
organs of birds.* In some of the latter cases it has been de- 
scribed as a Mucor, in most it is merely ceDa without sufficient 
character for determination. It is by no means improbable that 
fungi may be found in snch situations; the only question with 
regard to them ie whether they are not accidental, and not the 
producers of unhealthy or diseased tissueaj even when found in 
proximity thereto. 

There is one phase of the influences of fungi on the lower 
animals which must not be wholly passed over, and that is the 
relation which they bear to some of the insect tribes in fur- 
nishing them with food. It is especially the case with the 
Coleoptera that many species seem to be entirely dependent on 
fungi for existence, since they are found in no other situations. 
Beetle-hunters tell ns that old Tolyporei, and similar fungi of 
a corky or woody nature, are always sought after for certain 
species which they seek in vain elaewhere,t and those who pos- 
sess herbaria know how destructive certain minute members of 
the animal kingdom are to their choicest specimens, against 
whose depredations even poison is sometimes unavailing. 

Some of the Uredines, as THckohasis suaveolens &aA Coleospo- 
riutn eonclii, are generally accompanied by a little orange larva 

• Murie, in "Monthly Miorosoopical Joorna!" (1872), vii. p. Ii9. 
f See ffmoi MyceU^pha^, " Stepheo'g M«niial Brit, Coleopt." p. 132, 
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which preys upon tliD fungus ; and in. the United Statee ] 
BolleB informs ua that some species of ^cidium are 
Btantly infested with this red larra that it is scarcely possible 
to get a good specimen, or to keep it from its sworn enemy. 
Minute AnquilUdce revel in tails of mould, and fleshy Agarics, 
as tbey pass into decay, become colonies of insect life. Small 
Lepidoptera, belonging to the Tineina, appear to bare a liking 
for such Polyporei as P. salfureut when it becomes dry and 
hard, or 2*. tquamosus when it bas attained a similar condition. 
Acari and Paociilm attack dried fungi of all kinds, and speedily 
rednce them to an unrecognizable pcwder. . 

III. What are the i:ifluences exerted by fungi on other 
plants f This is a broad subj ect, but withal an important one, 
since these influences act indirectly on man as well as on the 
lower animals. On man, inasmuch as it interferes with the vege- 
toble portion of hia food, cither by checking its production or 
depreciating its quality. On the lower animals, since by this 
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r natural food deteriorated or diminished, 
ff' t are liable to be produced by the 
g into the system. These remarks 
h parasitic on hving plants. On 

f fungi must not be lost sight of 
when dealing with dead and decay- 
ing vegetable m tt Th f re, as in other instances, we have 
here also good and bad influences intermingled, so that it can- 
not be said that they are wholly evil, or unmixed good. 

Wherever we encounter decaying vegetable matter we meet 
with fungi, living npon and at the expense of decay, appropri- 
ating the changed elements of previous vegetable life to the 
support of a new generation, and hastening disintegration and 
assimilation with the soil. TSo one can have observed the 
mycelium of fungi at work on old stumps, twigs, and decayed 
wood, without being struck with the rapidity and certainty with 
which disintegration is being carried on. The gardener casta 
on one side, in a pile as rubhish, twigs and cuttings from hia 
trees, which are useless to him, but which have all derived much 
from the soil on which they flourished. Shortly fungi make 
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their appearance in species almost innumeratle, sending their 
subtle threads of mycelium deep into the tissues of the woody 
substance, and the whole mass teems with new life. In this 
metamorphosis as the fungi flourish so the twigs decay, for the 
new life is supported at the expense of the old, and together 
the destroyers and their victims return as useful constituents to 
the soil from whence they were derived, and form fresh pabulum 
for a succeeding season of green leaves and sweet flowers. In 
woods and forests we can even more readily appreciate the good 
offices of fungi in accelerating the decay of fallen leaves and 
twigs which surround the base of the parent trees. In such 
places Nature is left absolutely to her own resources, and what 
man would accomplish in his carefully attended gardens and 
shrubberies must here be done without his aid. What we call 
decay is merely change; change of form, change of relationship, 
change of composition; and all these changes are effected by 
various combined agencies — water, air, light, heat, these furnish- 
ing new and suitable conditions for the development of a new 
race of vegetables. These, by their vigorous growth, continue 
what water and oxygen, stimulated by light and heat, had 
begun, and as they flourish for a brief season on the fallen 
glories of the past summer, make preparation for the coming 
spring. 

Unfortunately this destructive power of fungi over vegetable 
tissues is too often exemplified in a manner which man does not 
approve. The dry rot is a name which has been given to the 
ravages of more than one species of fungus which flourishes at 
the expense of the timber it destroys. One of these forms of 
dry rot fungus is MeruUus lacrymans, which is sometimes spoken 
of as if it were the only one, though perhaps the most destruc- 
tive in houses. Another is Tolyporus hylridus, which attacks 
oak-built vessels ; * and these are not the only ones which are 
capable of mischief. It appears that the dry rot fungus acts 
indirectly on the wood, whose cells are saturated with its juice, 
and in consequence lose their lignine and cellulose, though their 
walls suffer no corrosion. The different forms of decay in wood 

• Sow^rb/s " Fungi,?* plates 280 and 387, fig. 6. 
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are accompanied by fungi, which either completely destroy the 
tisane, or iilter its nature so much by tlie abstraction of the 
coUnloae and lignine, tliat it beoomea loose and friable, Thna 
fnngi induce the rapid destruction of decaying wood. These 
are the conclusiona determined by Sehncht, in hia memoir on 
the Bnbject.* 

We may allnde, in passing, to another phase of deatructiTe- 
ncss in the mycelinm of fungi, which traverse the Boil and in- 
terfere most injnrionsly with the growth of sbrnba and trees. 
The reader of journals devoted to horticnltnro will not fail to 
notice the constant appeals for advice to stop the work of fungi 
in the soil, which sometimes threatens vines, at others conifers, 
and at others rhododendrons. Dead leaves, and other vegetable 
aubstances, not thoroughly and completely decayed, are almost 
Bnre to introduce this unwelcome element. 

Living plants suffer considerably from the predations of para- 
sitic species, and foremost amongst those in importance are 
those which attack the cereals. The corn mildew and its accom- 
panying rnst are cosmopolitan, as far as we know, wherever 
corn is cultivated, whether in Australia or on the slopes of tho 
Himalayas. The same may ulao be said of smut, for Uililago is 
as common in Asia and America as in Europe. We have seen it 
on numerous grasses as well aa on barley fi-om the Punjab, and 
a species different from UslilaffO mnydia on the male floreia of 
maize from the snme locality. In addition to this, we leam 
that in 1870 ono form made its appearance on rice. It was 
described as constituting in some of the infested grains a 
Tvhitish, gummy, interlaced, ill-defined, thread-Hke mycelinm, 
growing at the expense of the tissues of the affected organs, 
and at last becoming converted into a more or less coherent 

as of spores, of a dirty green colour, on the exterior of the 
deformed grains. Beneath ttic outer coating the aggregated 
spores arc of a bright orange red ; the central portion has a vesi- 
cular appearance, and is white in colour.t It is difficult to 

* Schacht, "I'ongoiiaTlirfada in the CellBotrinnti," in Fiingslieim'B "Jahr- 
bnch." Berlin, I8U3. 

t " FTOceedingB ot th« Agii. Hort. Sao, of Indik" (1871), p. S£. 
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determine from tlie description what this so-called Vstilago may 
be, which was said to have affected a considerable portion of the 
standing rice crop in the vicinity of Diamond Harbour. 

Bunt is another pest (Tilletia caries) which occupies the 
whole farinaceous portion of the grains of wheat. Since 
dressing the seed wheat has been so widely adopted in this 
country, this pest has been of comparatively little trouble. 
Sorghum and the small millets, in countries where these are 
cultivated for food, are liable to attacks from allied parasites. 
Ergot attacks wheat and rice as well as rye, but not to such an 
extent as to have any important influence upon the crop. Two 
or three other species of fungi are sometimes locally trouble* 
some, as Dilophosjpora graminis, and Septoria nodorum on wheat, 
but not to any considerable extent. In countries where maize is 
extensively grown it has not only its own species of mildew 
(Puccinia), but also one of the most enormous and destructive 
species of Ustilago. 

A singular parasite on grasses was found by Cesati in Italy, 
in 1850, infesting the glumes of Andropogon,* It received the 
name of Cerebella AndropogoniSj but it never appears to have 
increased and spread to such an extent as was at first feared. 

Even more destructive than any of these is the potato 
disease t (I*eronospora infestans)^ which is, unfortunately, too 
well known to need description. This disease was at one time 
attributed to various causes, but long since its ascertained source 
has been acknowledged to be a species of white mould, which 
also attacks tomatoes, but less vigorously. De Bary has given 
considerable attention to this disease, and his opinions are 
clearly detailed in his memoir on JBeronospora, as well as in his 
special pamphlet on the potato disease. J One sees the cause of 
the epidemic, he says, in the diseased state of the potato itself, 
produced either accidentally by unfavourable conditions of soil 
and atmosphere, or by a depravation that the plant has experi- 

♦ *'Gardener-a Chronicle*' (1852), p. 643, with fig. 

t Berkeley, "On the Potato Murrain," in **Jour. Hort. Soc." vol. i. (1846), 
p. 9. 

X De Bary, ** Die gegenwartig herrschende Kartoflfelkrankheit." 
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enced in its culture. According to theae opinions, the vegetatid^l 
of the parasite would be purely aceidental, the difiease would be 
independent of it, the parasite would be able frequently even to 
spare the diseased organs. Others see in the vegetation of the 
Peronospora the immediate or indirect cause of the variona 
r^ymptoRiB of the disease ; either that the parasite invades the 
ttalks of the potato, and in destroying them, or, ao to speak, in 
poisoning tbem, determines a diseased state of the tubercles, or 
that it introduces itself into all the orgims of the pla:it, and 
that its vegetation is the immediate cause of all the symptoin.<i 
■ of the disease that one meets with in any organ whatever. 
His observations rigoronsly proved that the opinions of t!ie 
latter were those only which were well founded. All the altera- 
tions seen on examining spontaneona individuals are found 
when the Peronospora is sown in a nourishing plant. The most 
scrnpuloDB examination demonstrates the most perfect identity 
between the cultivated and spontaneous individuals as much in 
the organization of the parasite aa in the alteration of the plant 
that nourishes it. In the experiments that he had made be 
affirms that he never observed an individual or nnhoalthy pre- 
disposition of the nourishing plant. It appeared to him, on tbe 
contrary, that the more the plant was healthy, the more the 
mould prospered. 

We cannot follow him throxigh all the details of the growth 
and development of the disease, or of bis experiments on this 
and allied species, which resulted in the affirmation that the 
mould immediately determines the disease of the tubercles as 
well as that of the leaves, and that the vegetation of tbe 
Peronogpora alone determines the redoubtable epidemic to which 
tbe potato is exposed.* "Wb believe that this same observer 
is still engaged in a series of observations, with the view, 
if possible, of suggesting sorne remedy or mitigation of the 
disease. 

Dr. Hasaall pointed out, many years since, the action of 
fungous mycelium, when coming in contact with cellular tiasue, 



• De Barj, ' ' Memoir on Peronospora, 
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of inducing decomposition, a fact which has been fully confirmed 
by Berkeley. 

Unfortunately there are other species of the same genus of 
moulds which are very destructive to garden produce. Ferono- 
apora gangliformis, B., attacks lettuces, and is but too common 
and injurious. Peronospora effusa^ Grev., is found on spinach 
and allied plants. JPeronospora Schleideniana, D. By., is in some 
years very common and destructive to young onions, and field 
crops of lucerne are very liable to attack from Peronospora 
trifoUoruniy D. By. 

The vine crops are liable to be seriously afiected by a species 
of mould, which is but the conidia form of a species of ErysipJie, 
This mould, known under the name of Oidium Tuckeri, B., 
attacks the vines in hothouses in this country, but on the Conti- 
nent the vineyards often sufi*er severely * from its depredations ; 
unfortunately, not the only pest to which the vine is subject, for 
an insect threatens to be even more destructive. 

Hop gardens sufier severely, in some years, from a similar 
disease ; in this instance the mature or ultimate form is per- 
fected. The hop mildew is Spharotheca Castagnei, Lev., which 
first appears as whitish mouldy blotches on the leaves, soon 
becoming discoloured, and developing the black receptacles on 
either surface of the leaf. These may be regarded as the 
cardinal diseases of fungoid origin to which useful plants are 
subject in this country. 

Amongst those of less importance, but still troublesome 
enough to secure the anathemas of cultivators, may be men- 
tioned IPuccinia Apii, Ca., often successful in spoiling beds of 
celery by attacking the leaves ; Oystopus candidus, Lev., and 
Olceosporium concentricum^ Grev., destructive to cabbages and 
other cruciferous plants ; Trichohasis JB'ahcB^ L^v., unsparing 
when once established on beans ; Erysiplie Martii, Lev., in some 
seasons a great nuisance to the crop of peas. 

* ** Reports of H. M. Secretaries of Embassy and Legation on the Effects of 
the Vine Disease on Commerce, 1859;" "Reports of H. M. Secretaries of 
Embassy, &c., on Manufactures and Commerce, Vine Disease in Bavaria and 
Switzerland, 1859," pp. 54 and 62. 




Frnit trees do not wholly escape, for Eceatelia cancdlata, Tli^P 
Bttaoks the leaves of the pear. Faccinia prunorum affecta the 
leaves of almost all the varieties of plum. Blisters caused by 
Ageomyce» deformans, B., contort the leaves of peaches, as Agco- 
myeet bullalus, B., does those of the pear, and A»co7nycea jitg- 
ianJis, B., those of the walnnt. Happily we do not at present 
Bnffer fi-om Ascomycet pruni, Fchl., which, on the Continent, 
attacks yonng pluni-fmita, eansing them to shrivel and fall. 
Daring the past year pear-hlossoms have suffered from what seema 
to be a form o£ ITelminlJiosporium pi/rorim, and the branches are 
sometimes infected with Capnodium eUmgatum ; but orchards in 
the United States have a worse foe in the " bla^k knot,"* which 
causes gouty swellings in the branches, and is cansod by the 
Spharia morbosa of Schweinitz. 

Cotton plants in India f were described by Dr. Shortt as 
subject to the attacks of a kind of mildew, which from the 
description appeared to be a species of Erysiphe, bnt on receiv- 
ing specimens from India for examination, we found it to be 
one of those diseased conditions of tissue formerly classed with 
fungi under the name of Erineum ; and a species of Torula 
attacks cotton poda after they are ripe. Tea leaves in planta- 
tions in Cachar have been said to suffer from some sort of blight, 
hat in all that wo have seen insects appear to be the depredators, 
although on the decaying leaves Sendersonia theicola, Cooke, 
establishes itself.J The coffee plantations of Ceylon suffer from 
the depredations of Semiliea vaatatrix, as well as from insects.§ 
Other nseful plants have also their enemies in parasitic fungi. 

Olive-trees in the sonth of Europe snSer from the attacks of a 
species of Anteimaria, aa do alao orange and lemon trees from a 
Capnodium, which covers the foliage as if with a coating of soot. 
In fact most nseful plants appear to have some enemy to contend 
with, and it is fortunate, not only for the plant, bnt its c 



" C. H. Peok, " Oil tho Black Kncit," 
roL ill p. S2. 
+ Cooke, '■ Microscopic Puagi," p. 177. 
:!: "Qrerillea," i- p. 90. 
i "Gardener's Chronicle," 1873, 
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J tors, if this enemy ia less exacting tlian is the caae witb the 

L potato, the Tine, and the hop. 

Forestry in Britain ia an insignificant interest compnred to 

w what it is in some parta of Europe, in the United States, and 
nr Indian possessions. In these latter places it becomes a 
matter of importance to inqnire what influence fiingi esert on 
forest trees. It may, however, be predicated that the injury 
cansed by fungi is far outstrippod by insects, Mid that there are 
not many fungi which become pests in snch situations. Coni- 
ferous trees may be infested with the species of Feridermium, 
which are undoubtedly injurious, Peridermium, elatinum, Ik., 
distorting and disfiguring the silver fir, as Feridermium T/iomioni, 
B.,* does those of Abies Smithiana in the Himalayas. This 
species occurred at an elevation of 8,000 feet. The leaves be- 
come reduced in length one-half, curved, and sprinkled, some- 
times in double rows, with the large sori of this species, which 
gives the trco a strange appearance, and at length proves fatal, 
from the immense diversion of natriment requisite to support a 
parasite so lai-ge and multitudinoua. The dried specimens have 
a sweet scent resembliug violets. In Northern Europe Cteoma 
pinitor^uum, D. By., seems to be plentiful and destructive. All 
species of juniper, both in Europe and the United States, are 
liable to be attacked and distorted by species of Podisomaf and 
Cfymaoiporangiiwt. Anlennaria pinophila, Fr., is nndoubtedly 
injurious, as also are otherapecies of Anlennaria, which probably 
attain their more complete development in Capnodium, of which 
Capnodium Citri is troublesome to orange-trees in the south of 
Europe, and other species to other trees. How far birch-trees 
are injured by DotJddea hctulina, Fr., or Melampaora betulina, 
Lev., or poplars and aspens by Melampsora popuUna, Lev,, 
Bud Melampsora tremula, 1j6v., wo cannot say. The species of 
Lecythea found on willow leaves have decidedly a prejudicial 
effect on the growth of the aifected plant, 

Floriculture has to contend with many fungoid enemies, which 
aometimea commit great ravages amongst the choicest flowers. 

• "Qarfener'fl Chronicle," 1852, p. 6S7, with fig. 

+ "PadiBom»Ma«ropna," Hook, " Joarn. Eot." toI. i». plate Jdi. Eg. G. 
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Roacs have to contend againat tlie two forms of Fhragmidium 
mucronaliim aa well as A.»tercma Sosx. Still loore disastrouB 
is a epociea of Enjuiphni, whicli at first appears like a dense 
white mould. This is named Sphierotheca pannom. Nor is this 
all, foe Peronoipora tparsa, when it attacks roses in conservatories, 
is merciloaa ia its exactiouB.' Sometimes violets will be distorted 
and spoiled by Vroci/slis Violw. The garden anemone ia freely 
attacked by Mcidium quadrifidum. Orchids are liable to spot 
from fangi on the leaves, and recently the whole of the choicest 
hollyhocks have been threatened with destruction by a merciless 
foe in Fuccinia maloacearum. Tliiafangnswaa first made known 
to the world as an inhabitant of Sonth America many years ago. 
It seems next to have come into notoriety in the Anstrahan 
colonies. Tiien two or three years ago wo hear of it for the 
first time on the continent of Europe, and last year for the first 
time in any threatening form in our own islands. During the 
present year its ravag;es are spreading, until all admirers of 
hollyhocks begin to feel alarm lest it should eutirtily exterminate 
the hollyhock from cultivation. It is common on wild mallows, 
and cotton cultivators must be on the alert, for there is a 
probability that other malvaceous plants may suffer. 

Awriterin the " Gia,rdener's Chronicle" has proposed aremedy 
for the hollyhock disease, which be hopes will prove effectuaL 
Ho says, "This terrible disease has now, for twelve months, 
threatened the complete annihilation of the glorions family of 
hollyhock, and to bafBe all the antidotes that the ingenuity of 
man oonld suggest, so rapidly does it spread and accomplish its 
deadly work. Of this 1 have had very sad evidence, as last 
year at this time I had charge of, if not the largest, one of the 
largest and finest collections of hollyhocks anywhere in cultiva- 
tion, which had been under my special care for eleven years, 
and up to within a month of my resigning that position. I had 
observed nothing uncommon amongst them ; bnt before taking 
my final leave of them I had to witness the melancholy spectacle 
of bed after bed being smitten down, and amongst them many 
splendid seedfings, which had cost me years of patience and 
* lierkfl.y. m "GnrJenar'a Clironide," 1862, p. 308. 
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anxiety to produce. And again, upon taking a share and the 
management of this business, another infected collection fell to 
my lot, so that I have been doing earnest battle with this disease 
since its first appearance amongst us, and I must confess that, 
up to a very short time back, I had come in for a great deal the 
worst of the fight, although I had made use of every agent I 
could imagine as being likely to aid me, and all that many 
competent friends could suggest. But lately I was reminded of 
Condy's patent fluid, diluted with water, and at once procured a 
bottle of the green quality, and applied it in the proportion of a 
large tablespoonful to one quart of water, and npon examining 
the plants dressed, twelve hours afterwards, was delighted to 
find it had efiectually destroyed the disease (which is easily 
discernible, as when it is living and thriving it is of a light 
grey colour, but when killed it becomes of a rusty black). 
Further to test the power at which the plant was capable of 
bearing the antidote without injury, I used it double the 
strength. This dose was instant death to the pest, leaving 
no trace of any injury to the foliage. As to its application, 
I advocate sponging in all dressings of this description. 
Syringing is a very ready means, but very wasteful. "No doubt 
sponging consumes more time, bnt taking into consideration the 
more effectual manner in which the dressing can be executed 
alone, it is in tho end most economical, especially in regard to 
this little parasite. I have found it difficult by syringing, as it 
has great power of resisting and throwing off' moisture, and if 
but a very few are left living, it is astonishing how quickly it 
redistributes itself. I feel confident, that by the application of 
this remedy in time another season, I shall keep this collection 
clean. I believe planting the hollyhock in large crowded beds 
should be avoided, as I have observed the closer they are 
growing the more virulently does the disease attack them, 
whereas isolated rows and plants are but little injured." * 

The " Gardener's Chronicle" has also sounded a note of warning 
that a species of Uredine has been very destructive to pelar*- 
goniums at the Cape of Good Hope. Hitherto these plants 

♦ *< Gardener's Chronicle," August 22, 1874, p. 213. 



hare not sufforcd much in this country from parasites. Besides 
those, there are many otlier less troublesome paraaitea, such as 
Vrtdo Jiliciim, on ferns; JPitccinia Lychnidearutn, on leaves of 
sweet-william ; Vreilo Orcliidis, on leaves of orchids, &c. 

If we would sum up the influences of fungi in a few words, it 
could be dono somewhat in the following form 

Tungi exert a deloterioua influeuce — 



On Man, 



I 



When eaten inadvertently. 

By the destraetion of hia legitimate food. 

In producing or aggravating skin diseBses. 



By deteriorating or diminishing their food Buppliea* 
By establishing themselves as parasitt 



4 

inppliea* I 



4 



By hastening the decay of timber. 

By estaljlishing themaelvea as parasites. 

By impregnating the soil. 

But it is not proved that ihey produce epidemic i 
man or animals, or that the dissemination of their multitudinous 
Bporea in the atmosphere has any appreciable inflnenco on the 
health of the human race. Hence their association with cholera, 
diairhcea, measles, scarlatina, and the manifold ills that fiesh ia 
heir to, aa producing or aggravating causes, must, in the present 
statfl of our knowledge aud esperience, be deemed apocryphal. 
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HABITATS. 

It commonly happens that one ot the first inquiries which the 
student seeks to have answered, after an interest is excited in 
fungi, is — ^Where, and under what circumstances, are they to bo 
found ? The inexperienced, indeed, require some guide, or much 
labour will be expended and patience lost in seeking microscopic 
forms in just such places as they are least likely to inhabit. Nor 
is it wholly unprofitable or nninteresting for others, who do not 
claim to be students, to summarize the habitats of these organ- 
isms, and learn how much the circumstances of their immediate 
surrounding elements influence production. For reasons which 
will at once be recognized by the mycologist, the most satis- 
factory method of study will be somewhat that of the natural 
groups into which fungi are divided. 

Agaricini. — There is such a close affinity between all the 
genera of this group that it will be a manifest advantage to take 
together all those fleshy pileate fungi, the fruit of which is 
borne on folded plates or gills. It inn^t be premised of this 
group that, for the majority, shade, a moderate amount of mois- 
ture, and steady warmth, but not too great heat, are required. 
A stroll through a wood in autumn will afibrd good evidence of 
the predilection of Agaricini, as well as some smaller groups, for 
such spots. A larger proportion will be found in woods, where 
shade is afforded, than on open heaths or pastures. These 
wood-loving forms will consist, again, of those which appear 
on the soil, and those which are found on rotten stumps and 
decaying trees. Many of those which grow on trees have a 
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lateral Btem, or Gcarcoly any stem at all. It may be remaf1ce(^| 
that Eome species which spring from the soil delight most in 
the shelter of particular trees. The Agarics of a beech wood will 
materially differ largely from those in aa oak wood, and both will 
differ from those which spring ap beneath coniferous trees. 

It may be accepted as true of the largest proportion of terres- 
trial species, that if they do not spring directly from rotten 
leaves, and vegetable debris in the last stage of decay, the 
soil will be rich in vegetable humus. A few only occur on 
sandy spots. The genua Marasmitis is much addicted to dead 
leaves ; Siissala, to open places in woods, springing immediately 
from the soil, Laetariua prefers trees, and when fonnd in 
exposed situations, occurs mostly under the shadow of trees.* 
Caittliarellus, again, is a woodland gonus, many of tlio species 
loving to grow amongst grass or moss, and some as parasites on 
the latter. Coprinm is not a genns much addicted to woods, but 
is rather peculiar in its attachment to man — if such espresaion, 
or one even implying domesticity, might be employed — farm- 
yards, gardens, danghilis, the base of old gateposts and railings, 
in cellars, on plaster walls, and even on old damp carpets. 
Uygro^ihorus loves " the open," whether pastures, lawns, heaths, 
r up the slopes of mountains, nearly to the top of the 
nd in Great Britain. Corttnarius seems to have a 
preference for woods, whilst Bolhiiius affects dung, or a rich 
soil. Lentinue, JPanus, Le-nzites, and Schizophyllum all grow on 
wood. Coming to the subgenera ot Aparicus, we find JPleuroUa, 
Crepidotus, Pluleus, Collylia, PhoUota, Flammula, HypJioloma, 
and some species of Psathyra growing on wood, old eturaps, or 
charcoal ; Amanili', Trickoloma, and Heleloma most attached to 
woods ; Oli(oci/le and Mycena chiefly amongst leaves ; Nolanea 
amongst grass ; Oinphalia and Oalera chiefly in awampy places ; 
Lepiola, Leptonia, Psalliota, Slropharia, Psiloej/be^and. Fsalhyrella 
moacly in open places and pastures ; Seconicti and Pantsolui 
mostly on dung ; JSntoloma and ClitopHus chiefir terrestrial, and 
the rest variable. 
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Of special habitats, we may allude to Nj/ctalis, of which 
the species are parasitic on dead fungi belonging to the genus 
Bussula, One or two species of Agaricus^ such as Agaricus 
iulerosus and Agaricus racemosus, P., grow on decaying 
Agarics, whilst Agaricus Loveianus flourishes on Agaricus 
nehularis even before it is thoroughly decayed. A few species 
grow on dead fir cones, others on old ferns, &c. Agaricus 
cepoesHpes, Sow., probably of exotic origin, grows on old tan in 
hothouses. Agaricus cauUcinalis, Bull, flourishes on old thatch, 
as well as twigs, <fec. Agaricus juncicola, Fr., affects dead 
rushes in boggy places, whilst Agaricus qffricafus, Fr., and 
Agaricus sphagnicola, B., are attached to bog moss in similar 
localities. Some few species are almost confined to the stems of 
herbaceous plants. Agaricus petasatus, Fr., Agaricus cucumis, P., 
and Paxillus pantioides, F., have a preference for sawdust. 
Agaricus carpophilus, Fr., and Agaricus halaninus, P., have a 
predilection for beech mast. AgaHcus urticoecola, B. and Br., 
seems to confine itself to nettle roots. Coprinus radians, Fr., 
makes its appearance on plaster walls, Coprinus domesticus, Fr., 
on damp carpets. The only epizoic species, according to M. 
Fries, is Agaricus cerussatus v, nauseosus, which has been met 
with in Russia on the carcase of a wolf ; this, however, might 
have been accidental. Persoon described Agaricus J^eapoWanus, 
which was found growing on coffee-grounds at Naples ; and 
more recently Viviani has described another species, Agaricus 
' Cqffece^Yfi^ rose-coloured spores, found on old fermenting coffee- 
grounds at Genoa.* Tratinnick figures a species named Aga» 
ricus Mdrhii, which was found in wine casks in Austria. A 
Coprinus has, both in this country and on the Continent, been 
found, after a very short time, on the dressing of wounds, where 
there has been no neglect. A curious case of this kind, which 
at the time excited great interest, occurred some fifty years since 
at St. George's Hospital. Some species appear to confine them- 
selves to particular trees, some to come up by preference on soil 
in garden pots. Certain species have a solitary, others a gre- 
garious habit, and, of the latter, Agaricus grammopodius^ Bull, 

♦ Viyiani, *«I Funghi dltalia." 



Aijarimii gamhoaug, Fr., Marasmiug oreades, Fr,, aud sotae otliec 

grow in rings. Hence it will be Been that, within cert 

there is considerable variation in the habitats of the Agaricini. 

Boleii do not differ ranch from Agaricini in their localization. 
They seem to prefer woods or herders of woods to pastnrea, 
seldom being fonnd in tho latter. One species, B. parasilicu*, 
Ball, grows on old specimens of Scleroderma, otherwise thoy are 
for the most part terrestrial. 

Fol^^ori also have no wide range of habitat, except in choice 
of trees on which to grow, for the majority of them are corti- 
colona. The section Meiopns, which has a distinct central stem, 
has some species which prefer the gronad. Polyponn tuheraster, 
P., in Italy springs from the Pietrajungliaia,* and is cultivated 
for food as well as Poli/porus aveUaniis, which is reared from 
charred blocks of cob-nut trees. 

In other genera of tho Pohjporei similar habitats prevail. 
MeruUiti iacrymans, Fr., one form of dry rot, occurs in collars, 
and too often on worked timber ; whilst MeruHus himantoides. 
Ft., ia muGh more delicate, sometimes Fanning over plants in 
conservatories, 

Htdnei.— There is nothing calling for special note on the 
habitats of these fangi. Tho stipitate species of Sydnvnt are 
some of tbeni fonnd in woods, others on heaths, one on fir-cones, 
while tho rest have similar habitats to the species of Folgporus. 

ADKicuLAniNi. — The genera Hi/menoclicete, Stereum, and Car- 
tieium, with some species of Thelepliora, ran over corticated or 
decorticated wood ; other species of TheJephora grow on the 
ground. The Pezizoid forms of Oyphella and Solenia, like species 
of Peziza, sometimes occnr on bart^ and of the former genus 
some on grasses and others on moss, 

Clavaeiei. — The interesting, often brightly- colon red, tnfts ol 
Claoaria are usually fonnd amongst grass, growing directly from 
the ground. Only in rare instances do they occnr on dead leaves 
or herbaceous stems, Calocera probably should be classed with 
the Tremellini, to which its structure seems more closely allied. 
The species are developed on wood. The species of Typhula 
* Badhsm'a " Eeoulent FnnguseB," Ed. i. pp. 42, IK 
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and JBistillaria are small, growing chiefly on dead herbaceous 
plants. One or two are developed from a kind of Scle7'otium, 
which is in fact a compact perennial mycelium. 

Tremellini. — These curious gelatinous fungi are, with rare 
exceptions, developed on branches or naked wood; Tremella 
versicolor^ B. and Br., one of the exceptions, being parasitic on a 
species of Corticium, and Tremella epigcea^ B. and Br., spreading 
over the naked soil. This completes our rapid survey of the 
habitats of the Hymenomyceles, Yerj few of them are really 
destructive to vegetation, for the Agarics and Polypori found on 
growing trees are seldom to be seen on vigorous, but rather on 
dead branches or partly- decayed trunks. 

The Gasteromycetes are far less numerous in species, and also 
in individuals, but their habitats are probably more variable. 
The Sypogcei, or subterranean species, are found either near the 
surface or buried in the soil, usually in the neighbourhood of trees. 

Phalloidei. — In most cases the species prefer woody places. 
They are mostly terrestrial, and have the faculty of making their 
presence known, even when not seen, by the fetid odour which 
many of them exhale. Some of them occur in sandy spots. 

Podaxixei. — These resemble in their localities the TricTio- 
gastres. Species of "Podaxon affect the nests of Termites in 
tropical countries.* Others are found growing amongst grass. 

Trichogastres. — These are chiefly terrestrial. The rare but 
curious Batarrea phalloides, P., has been found on sand-hills, 
and in hollow trees. Tulostoma mammosum, Fr., occurs on old 
stone walls, growing amongst moss. Qeaster striatus, D. C, 
was at one time usually found on the sand of the Denes at Great 
Yarmouth. Although Lycoperdon giganteum^ Batsch , occurs 
most frequently in pastures, or on hedge banks in fields, we 
have known it to occur annually for some consecutive years 
in a garden near London. The species of Scleroderma seem to 
prefer a sandy soil. Agloeocystis is rather an anomalous genus, 
occurring on the fruit heads of Cyperus^ in India. JBroomeia 
occurs at the Cape on rotten wood. 

* An excellent white Agaric occurs on ant nests in the Neilgherries, and a 
curions species is found in a similar position in Ceylon. 



Ml K0GASTRE8. — Rotten wood ia one of the most favoureSa 
matrices on which these fungi develop themselves ; some cft 
them, however, are terrestrial, ^thdlium will grow on spent 
tan and other substances. Species of Diderma flourish on 
moaaea, jungermannito, grass, dead leaves, fema, tfcc. Angiori- 
diiim sinuosum, Grev., wiU ran over growing plants of different 
kinds, and Sputnaria, in like manner, encrusts living grasses. 
Sadkamia not only flourishes on dead wood, but one species is 
found on the fading leaves of coltsfoot which are still green. 
Craterium rnna over almost any aiibstanco which lies in its way. 
Licem perreptans was found in a cucumber frame heated with 
spent hops. One or two Mi/xogaslres have been found on lead, 
or even on iron which had been recently heated. Sowerby 
found one on cindera, in one of the galleries of St. Paul's 
Cathedral. 

NiDULARiACEi grow on the ground, or on sticks, twigs, chips, 
and other vegetable Bubatimces, each as sawdust, dang, sjid 
rotten wood. 

The CoNiOMYCETES consist of two sections, which are based on 
their habitats. In one section the species are developed on dead 
or dying plants, in the other they are parasitic on living plants. 
The former jncludca the Sphteronemei, which are variable in their 
proclivitiea, although mostly preferring dead herbaceous plants 
and the twigs of trees. The exceptions are in favour of SplitBr- 
onema, some of which are developed upon decaying fungi. In the 
large genera, Si:j>loria, AscoeTtyta, Fhylloslicta, Asieroma, &c., 
the favourite habitat is fading and dying leaves of plants of all 
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and like them are found on decaying vegetable substances, old 
stems of herbaceous plants, dead twigs, wood, stumps of trees, &c. 
The exceptions are in favour of such species as Torula sporendo- 
nema, which is the red mould of cheese, and also occurs on rats' 
dung, old glue, &c., and Sporendonema Muscce, which is only 
the conidia of a species of AcJilya, One species of Bactridiv/m 
is parasitic on the hymenium of Peziza, and Echinohotryum 
atrum^ on the flocci of black moulds. 

In the other section of Coniomycetes the species are parasitic 
upon, and destructive to, living plants, very seldom being found 
on really dead substances, and even in such rare cases un- 
doubtedly developed during the life of the tissues. Mostly the 
ultimate stage of these parasites is exhibited in the ruptured cu- 
ticle, and the dispersion of the dust-like spores; but in Tilletia 
caries, ThecajpTiora hyalina^ and Puccinia incarcerafa, they remain 
enclosed within the fruit of the foster-plant. The different 
genera exhibit in some instances a liking for plants of certain 
orders on which to develop themselves. JBeridermium attacks 
the Conifercd; Oymnosporangium and Fodisoma the different 
species of Juniper; Melampsora chiefly the leaves of deciduous 
trees ; Roestelia attaches itself to pomaceous trees, whilst Ora- 
phiola affects the JPalmacecp, and Endophyllum the succulent 
leaves of houseleek. In JEcidium a few orders seem to be more 
liable to attack than others, as the Compositce, Hanunculacece, 
Leguminoscd, LabiatcB, &c., whilst others, as the Qraminacece^ 
EricacecB, MalvacecB, Cruciferce, are exempt. There are, never- 
theless, very few natural orders of phanerogamous plants in 
which some one or more species, belonging to this section of the 
Coniomycetes, may not be found; and the same foster-plant will 
occasionally nurture several forms. Recent investigations tend 
to confirm the distinct specific characters of the species found 
on different plants, and to prove that the parasite of one host 
will not vegetate upon another, however closely allied. This 
admission must not, however, be accepted as universally appli- 
cable, and therefore it should not be assumed, because a 
certain pa,rasite is found developed on a special host, that it is 
distinct, unless distinctive characters, apart from habitat, can be 
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detected, ^^■idiuiii composilarvia and j^aidiuin ranunculi 
for inBtanco, aro found on varitms composite aud rajiiinculaceous 
plants, and as yet no Eufficieat evidence lias been adduced to 
prove that the different forma are other than Tarietieu of ono or 
the two species. On the other band, it is not improbable that 
two species of ^cidium are developed on the common berberry, 
as De Bary has indicated that two species of mildew, Pucchiia 
graminit, and Fuecinia stTaminit, ore found on wheati 

Hythomtcetbs. — The mouMs are much more universal in their 
habitats, especially the Mueedinee. The Imriacei have a pre- 
dilection for animal snbstancss, though not esclnsivelj. Some 
Rpeciee occur on dead insects, others on decaying fungi, and the 
rest ou sticks, stems, and rotten wood. The SlUbacei have also 
similar habitats, except that tbo Epecies of Illosporium seem to bo 
confined to parasitism on lichens. The black moulds, J)ema(iei, 
are widely diffused, appearing on herbaceous stems, twigs, bark, 
and wood in most cases, bat also on old linen, paper, millboard, 
dung,rottingfruit,&c., whilst forms ot CladcspSrium onAMacro- 
sporiim, are met with on ftlmoat every kind of vegetable snbatanco 
in which the process of decay has cojnmenced. 

Mucedines, in some insfances, have not been known to appear 
on m.ore than one kind of matrix, bat in the for greater number 
of caaoa they flourish on different substances. Agpergillua 
glaucut and I'enieillium crusiaceum are examples of these uni- 
versal Mucedines. It would be far more difficult to mention 
EubatanceB on which these moulds are never developed than to 
indicate where they have been found. With the species of 
Peronospora it is different, for these are truly parasitic on living 
plants, and, as far as already known, the species are confined to 
certain special plants, and cannot be made to vegetate on any 
other, The species which causes the potato murrain, although 
liable to attack the tomato, aud other species of SolanacejE, does 
not extend its ravages beyond that natnral order, whilst Pero- 
nospora paraiiliea confines itself to craciferous plants. One 
species is restricted to the Umhellifei-is, another, or perhaps two, 
to the Lei/tiiainoicE, another to Subiacem, two or three to Haaun- 
citlaveai, and two or three to Caryopliyllarem, All the experi- 
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meuta made by Dc Baiy Beem to prove that the species al 
Feronospora will only flonriah on certain favoured plants, to the 
esclnsion of all others. The non-parasitic moulds are scarcely 
cxclnsive. In Oidium some species aro parasitic, hut probably 
all the parasitic forma are states of Erysiphe, the non-parasitio 
alone being autonomous ; of these one occurs on Porrigo lupi- 
nosa, others on putrelying oranges, pears, apples, plums, &c., 
and one on honeycomb. Acfffspeira grows in the interior of 
sweet chestnuts, and wa Lave seen a epeciea growing within the 
Lard testa of the seeds of Guilandina Bonduc, from India, to 
which there was no external opening Tisible, and which was 
broken with considerable difficulty. Several Mucedineg are 
developed on the dung of various animals, and seldom on any- 
thing else. 

The Fhysomyeetes couaist of two orders, Antennariei and Mii- 
eorini, which differ from each other almost aa much in habitat 
as in external appearance. The former, if represented by Aiiien- 
naria, runs over the green and fading leaves of plants, forming 
a dense black stratum, like a congested layer of soot; or in Zag- 
midium, the common cellar fungus, runs over the walla, bottles, 
corks, and other substances, like a thick sooty felt. In the Mtt- 
corini, as in the Mucedines, there is usually less restriction to 
any special substance. Mucor mueedo occurs on bread, paste, 
preserves, and various substances ; other species of MuBor seem 
to have a preference for dung, and some for decaying ft^Qgii but 
rotting fruits are nearly sure to support one or other of the 
Bpecies. Tlie two known species of the curious genus Pilobolus, 
as well as Hffdrophora, are confined to dung. Sporodinia, S^zy- 
gites, Ac, flourish on rotten Agarics, where they pass through 
their somewhat complicated existence. 

The Aicomycctcg contain an immense number of species, and in 
general terms we might »ay that they are found everywhere. The 
Taheracei are subterraneous, with a preference for calcareous dis- 
tricts. The Ferisporiacei are partly parasitical and partly not. 
The Eryiipliei include those of the former ■which flourish at the 
cspenso of the green parts of roses, hops, maples, poplars, peas, 
and many other plants, both in Europe and in North Amerioa, 
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whilst in warmer latitudes the genus MelioJa appears to tabj 
their place. 

The Etvellacei are fleshy fongi, of which the larger forms ai 
terrestrial; MorcheU^t, Gyromitra, and Hehella mostly growing 
in woods, Mitrula, Spathularia, and Leolia in swampy places, 
and Geoglasmm amongst graea. The very large genus J'eziza 
is divided into groups, of which Aleurim aro mostly tfirrestrial. 
This gronp includes nearly all the large-sized epecies, although, 
a few helong to the nest. Lachnece are partly terrestrial and 
partly epiphytal, the most minate species being found on twigs 
and leaves of dead plants. In Fhialea the species are nearly 
entii-ely epiphytal, as is also the case in Helotium and allied 
genera. Some species of Fex'ixa are developed from the curious 
masses of compact mycelium called Sdero/ia. A few are rather 
eccentric in their habitats. P. viridarea, P. domestica, and P. 
Tiamatiigma, grow on damp walla ; F, granulafa and some others 
on dung. Peziza JBulliivas found growing on a cistern. P. the- 
leboloides appears in profusion on spent hops. P. epispharia, 
P. clavariarum, F. vulgaris, Helotium pruinosum, and others are 
parasitic on old fnngi. One or two species of Meloiium grow cm 
submerged sticks, so as to be almost aquatic, a circumstance of 
rare occurrence in fungi. Other Discomgcetes are similar in. 
their habitats to the Elvellacei. The group to wtiich the old 
genus Ascoholm belongs is in a great meaaare confined to the 
dung of various aniraala, although there are two or three ligni- 
colous Bpecies ; and Ascophanm saccharinus was first found on 
old leather, Ascophanus iestaeeus on old sacking, &c, Ascomt/oea 
is, perhaps, the lowest form which ascomycetoua fungi ii'i iiiiin tJ 
and the species are parasitic on growing plants, distorting thjH 
leaves and fruit, constituting themeelres pests to the cultivat«^| 
of peach, pear, and plum trees. ^M 

The Sphteriaeei include a very large number of species whici^| 
grow on rotten wood, bark, sticks, and twigs ; another group 9^| 
developed on dead herbaceous stems ; yet another is confined il^| 
dead or dying Icavee. One genus, Torrubta, grows chiefly (M^| 
ViBoots i Hffpomi/ces is parasitic on dead fungi; Clavicepg is devi^H 
loped from ergot, Poronia on dang, Polyttigma on living leavei^l 
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as well as some species of Stigmatea and Dothidea. Of the 

genus Sphaeria, a considerable number are found on dung, now 

included by some authors under Sordaria and Sporormia, genera 

founded, as we think, on insufficient characters. 

A limited number of species are parasitic on 

lichens, and one species only is known to be 

aquatic. 

We have thus rapidly, briefly, and casually 
indicated the habitats to which the majority 
of the larger groups of fungi are attached, 
regarding them from a systematic point of 
view. There is, however, another aspect from 
which we might approach the subject, taking 
the host or matrix, or in fact the habitat, as 
the basis, and endeavouring to ascertain what 
species of fungi are to be found in such posi- 
tions. This has partly been done by M. West- 
endorp;* but every year adds considerably to miJfjn^a^on"l)^pr^f'a 
the number of species, and what might have ^^^' 
been moderately accurate twelve years since can scarcely be so 
now. To carry this out fully a special work would be neces- 
sary, so that we shall be content to indicate or suggest, by means 
of a few illustrations, the forms of fungi, often widely distinct 
in structure and character, to be found in the same locality. 

The stems of herbaceous plants are favourite habitats for 
minute fungi. The old stems of the common nettle, for ex- 
ample, perform the office of host to about thirty species.f Of 
these about nine are Pezizce, and there are as many sphaeriaceous 
fungi, whilst three species of Dendri/phium, besides other moulds, 
select this plant. Some of these have not hitherto been detected 
growing on any other stems, such as SphcBria urticcB and Lophioa- 
toma sex-nucleatum, to which we might add Peziza fusarioides and 
DendrypJiium griseum. These do not, however, include the whole 
of the fungi found on the nettle, since others are parasitic upon 

• Westendorp, " Les Cryptogams apres leura stations naturelles." 
+ Cooke, "On Nettle Stems and their Micro-Fungi," in **Journ. Quekett 
Micro. Club," iii. p, 69. 
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its living green parts. Of these may be named jEcidium urlt 
oud Feronoepora urHciS, as well as two species described by 
Dcsniazieres as Fusisporium urticts and Seploria urticas. Hence 
it will be seen how large a nQcaber of fungi may attach them- 
BfilvcB to one herbaceous plant, aometimeH whilBt living, but most 
estienaively when dead. This ia by no means a solitary instance, 
bat a type of what takes place in many others. If, on the other 
hand, we select such a tree as the cominoa lime, we shall £nd 
that the leaves, twigs, branches, and wood bear, according to 
M. Westendorp,* no leas than seventy-four species of fangi, and 
of these eleven occur on the leu-Fes. The spruce fir, according to 
the same anthority, nourishes one hundred and fourteen species, 
and the oak not less than two linndred. 

It ia onrloas to note bow fungi are paraeitio upon each other 
in Home instances, as in that of Ilgpomyces, characteristic of the 
genus, in which spbferiaceous fungi make hosts of dead Xaatarii, 
&a. We have already alluded to Nyclalis, growing on decayed 
RusB-uliS, to Boletus parasiticus, flourishing on old Scleroderma, 
MiA to Agar icus Loveianns, oa the pilous ii{ Agaricus nehularia. 
To these wo may add Turruhia ophioijlogsoides and T. eapitata, 
which flourish on decaying Eia^ltomi/ccg, Stilhuin tomsniosum on 
old TricJiia, Pexixa Olavariarum on dead Clavaria, and many 
others, the mere enumeration of which would scarcely prove 
interesting. A very curious little parasite was ffiund hy llessrs. 
Berkeley and Broome, and named by them Hi/poerea iiii-hisa, 
which makes itself a home in the interior of trattleB. Mucors 
and moulds flourish on dead and decaying Agarics, and other 

I fleshy forms, in great luxuriance and profusion. Mtieor ramostis 
is common on Boletus luridits, and Si/zygilea megalocarpvs on 
Agarics, as well as Aerosialagmus cmnabarinut. A very curious 
little parasite, Echinobotryum atrum, occurs like minute nodules 
on the flocci of black moulds. £aefridium Hehellie usurps the 
fructifying disc of species of iPeziza. A small SpJiinctrina is 
found both in Britain and the United States on old Folypori. 
In Sphceria nigerrima, Mectria rpUpheeria, and two op three 
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othere, we have examples 
' Qpon another. 

Mr. Phillips Las recently indicated the species of fungi fonud 
by him on charcoal beda iu Shropshire,* but, useful as it ia, that 
only refers to one locality. A eomplote list of all the fungi 
which have been found growing on charcoal beds, burnt soil, 
or charred wood, would bo rather extensive. The fungi found 
in hothonses and stoves are also numeroua, and often of con- 
siderable interest from the fact that they have many of theni 
never been found elsewhere. Those found in Britain, f for in- 
stance, are excluded from the British Flora as doubtful, because, 
growing upon or with exotic plants, they are deemed to be of 
exotic origin, yet in very few casos are they known to he inha- 
bitants of any foreign countiy. Some Bpeciea found in snch 
localities are not confined to them, aa Agaricus ctspeslipes, 
Agarieia cristalus, ^thalium vaporarium, Ac. It ia somewhat 
singular that certain species have a predilection for growing in 
proximity with other plants with which they do not appear to 
have any more intimate relation. Truffles, for instance, in asso- 
ciation with oaka, Fezixa lanuginosa under cedar-treea, Hgd- 
narigium carneum about the roota of Eucalypti, and numerous 
species of Agaricini, which are only found under trees of a par- 
ticular kind. Aa might be anticipated, there is no more fertile 
babilal for fangi than the dnng of animals, and yet the kinds 
found in sach locations belong to but a few groups. Amongst 
the Digcomijceles, a limited number of the genus 'Pezixa are 
fimicolouB, but the allied genua Ascobolux, 
diate allies, include amongst its species a. large majority that 
found on dung. If we take the number of species at sisty-fc 
there are only seven or eight which do not occur 
fifty-six are fimicolons. The species of Spheeria which 
on the same substances are also closely allied, and 
nental authors have gi'onped them under the two 
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genera Sporormia and Sordarta, whilst Fackel * proposes ad 

tiact group of SpJiairiacei, under the name of Fimicoli, in whicli 
he includes as genera CopTolepa, Hi/pocopra, DeUUchia, Sporor^ 
mia, Pleophragmia, Malinvemid, Sordana, and Cereophora. The 
two species of FUoboIut, and some of Mucor, are also found on 
dung, Itaria Jelina on that of cats, SCilbum fimetariunt and a 
few other moulds, and amongst Agarics some species of Coprin-iM. 
Animal suhstances are not, as a rule, prolific in the production 
of fnngi. AscoboluB saccharinng and one or two others have 
been found upon old leather, Onygena of two or throe species 
occurs on old Lorn, hoofs, &c. Cheese, milk, &c., afford a few 
forms, but the lai^est nnmbor infeHt dead insects, either tinder 
the mouldy form of Itaria or the more perfect condition of 3hr- 
Tuhia, and occasionally under other forms. 

Robin t has recorded that three species of Braahinug, of the 
order Coleoptei-a, haye been foand infected, whilst living, with a 
minute yellow fungus which he calls Lahoulbenia Sougeti, and 
the same species has been noted on other beetles. Jhrruhia 
MeloJonlhiB J has been described by Tulasne as occurring on the 
maybug or cockchafer, which is allied to, if not identical with, 
Cord^ceps Ravenelii, B. and C, and also that described and figured 
by M. Fougeroux de Bondaroy.§ Tormhia cureulionum, Tul., 
occurs on several species of beetles, and seems to be by no means 
uncommon in Brazil and Central America. TorruUa emspitosa, 
Tul., which may be the same as Cordyceps Sinclairi, B.,[| isfonnd 
on the larvte of Orthoptera in New Zealand, Torruh'ia MiqueUi 
on the larvte of Cicada in Brazil, and Torruhia soldi/era on the 
pnpse of Cicada in the West Indies. A romantic account is 
given of this in an exti'act cited by Dr. Watson in his communi- 
cation to the Royal Society. T " The vegetabSo fly is found in 



the island Dominica, and (excepting that it has i 

* Paekel, "SymbotaMjeologiraE," p. 240. 

t Robin, "V6g^t. Paraaitea," p. 622, t. yilL. f. 1, 2. 

J TnlaanB, "Salacta Fung. Carp." iiL p. 12. 

§ " Hiat. da I'Acad. dea ScianoeB," 1769. Paris, 1772. 

[ Berkalej, "Crypt. Bot," p. 73; Hooker, "New Zeal; 

H " PUloropiiii*] TranaMtioDB," liii. [1763}, p. 271. 
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sembles the drone, both in size and colour, more than any other 
English insect. In the month of May it buries itself in the 
earth and begins to vegetate. By the latter end of July, the 
tree is arrived at its full growth, and resembles a coral branch, 
and is about three inches high, and bears several little pods, 
which, dropping oflT, become worms, and from thence flies, like 
the English caterpillar." Torruhia Taylori, which grows from 
the caterpillar of a large moth in Australia, is one of the finest 
examples of the genus. Torrulia Bolertsii, from New Zealand, 
has long been known as attacking the larva of Sepialtts 
virescens. There are several other species on larvae of different 
insects, on spiders, ants, wasps, &c., and one or two on mature 
Lepidoptera, but the latter seem to be rare. 

That ftmgi should make their appearance and flourish in 
localities and conditions generally considered inimical to vegetable 
life is no less strange than true. We have already alluded to 
the occurrence of some species on spent tan, and some others 
have been found in locations as strange. We have seen a yellow 
mould resembling Sporotrichum in the heart of a ball of opium, 
also a white mould appears on the same substance, and more 
than one species is troublesome in the opium factories of India. 
A mould made its appearance some years since in a copper 
solution employed for electroiyping in the Survey Department 
of the United States,* decomposing the salt, and precipitating 
the copper. Other organisms have appeared from time to time 
in various inorganic solutions, some of which were considered 
destructive to vegetable life, and it is not improbable that some 
of these organisms were low conditions of mould. It may well 
occasion some surprise that fungi should be found growing 
within cavities wholly excluded from the external air, as in the 
hollow of filberts, and the harder shelled nuts of Ouilandina, in 
the cavities of the fruit of tomato, or in the interior of an egg. 
It is scarcely less extraordinary that Syjpocrea inclusa should 
flourish in the interior of a kind of truffle. 

From the above it will be concluded that the habitats of fungi 
are exceedingly variable, that they may be regarded as almost 

♦ Berkeley's " Outlines," p. 30. 



universal wherever deeajiiig vegetable matter is found, and 
thjit nnder some conditions animal Bnbstances, especially of 
vegetable feeders, siicli as insects, furniali a pabulum for tbeii 
development! 

A veiy curioaa and interesting innoiry presents itself to oni 
minds, which is intimately rela.ted to this subject of the habitats 
of fungi. It shapes itself into a sort of "pozzle for the curious,'' 
but at the same time ono not unprofitable to think about. How 
ia the ocnnrrence of new and before nnknown forms to be 
accounted for in a case like the following ? • 

It was our fortune — good fortune as far as this investigation 
was ooncerced — to have a portion of wall in our dwelling per- 
sistently damp for some months. It was close to a cistern 
which had become leaky. The wall was pajjered with " marbled " 
paper, and varnished. At first there was for some time notliing 
worthy of observation, except a damp wall — decidedly damp, 
discoloured, but not by any means iaouldy. At length, and 
rather suddenly, patches of mould, sometimes two or three 
inches ia diameter, made their appearance. These were at first 
of a snowy whiteness, cottony and dense, just like large tafts of 
cotton wool, of^ considerable expansion, but of miniature eleva- 
tion. They projected from, tlie paper scarcely a quarter of an 
inch. In the course of a few weeks the colour of the tufts 
became less pure, tinged with an ochraceona hne, and resembling 
wool rather than cotton, less beautiful to the naked eye, or under 
a lens, and more entangled. Soon after this darker patches 
made their appearance, smaller, dark olive, and mixed with, or 
dose to, the woolly tufts ; and ultimately similar spots of a 
dendritic character either suceeeded the olive patches, or were 
independently formed. Finally, little black balls, like small 
pin heads, or grains of gunpowder, were found scattered about 
the damp spots. All tbis mouldy forest was more than sis 
months under constant observation, and during that period was 
held sacred from the disturbing influences of the housemaid's 
broom and duster. 

Curioaity prompted ua from the first to submit the mouldy 
• " Fopnlac Soianoa RflTiew," Vol. i. (1871), p. 25. 
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denizens of the wall to the microscope, and tbis cariosity t 
increased week by week, on finding that none of the forms 
found vegetating on nearly two square yaixls of damp wall 
could be recognized as agreeing Bpecificaliy with any described 
moulds with which we were acquainted. Here was a problem 
to be solved under the most favourable conditions, a forest of 
mould indoors, within a few yards of the fireside, growing quite 
naturally, and all strangerH. Whence could these new forma 
proceed P 

The cottony tufts of white mould, which were the first to 
appear, had an abundant mycelium, but the erect threads which 
sprang trom this were for a long time sterile, and closely inter- 
laced. At length fertile threads were developed in tnfts, mixed 
with the sterile threads. These fruit-bearera were shorter and 
stouter, more sparingly branched, but beset throughont nearly 
their wholo length with short patent, alternate branuhlets. 
These latter were broadest towards the apex, so aa to be almost 
clavate, and the extremity was teset with two or three short 
spicnlea. Each spicule was normally surmounted by an oboyate 
spore. The presence of fertile threads imparted the ochraceoua 
tint above alluded to. This tint was slight, and perhaps would 
not have been noticed, but from the close proximity of the snow- 
white tnfta of barren threads. The fertile flocci woro decumbent, 
probably from the weight of the spores, and the tnfts were a 
little elevated above the surface of the matrix. This m.onld 
belonged clearly to the ITucediiiei, hut ii hardly accorded well 
with tmy known genua, although most intimately related 
to Shinotrichtm, in which it was placed aa Bhinotrichum 
lanosum.* I 

Tho white monld having become establiahed for a week or j 
two, small blackiBh spota made their appearance on the paper, 
sometimes amongst thin patches of tlie mould, and sometimes 
oatsido them. These spots, at first cloudy and indefinite, varied 
in size, but were usually less than, a quarter of an inch in 
diameter. The varnish of the paper was afterwarda puahed off 
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in little translacent Bakes or scales, an erect oliv 
appeared, and tlie patches extended to nearly an inch : 
diameter, maintaining an almost universal circnlar form. This 
new mould sometimes possessed a dirty reddish tint, hat was 
commonly dark olire. There could be no mistake about the 
genus to which this mould belonged ; it had all tte essential 
chaisctcrs of FenieiUiuT/i. Erect jointed threads, branched in 
the upper portion in a, fasciculate manner, and bearing long 
beaded threads of spores, which formed a taasel-like head, at 
the apex of each fertile thread. Although at first reminded of 
FenicilUum olivaeevm, of Cordn, by the colour of this species, it 
was found to differ in the spores being oblong instead of globose, 
and the ramiflcations of the floeci wore different. Unable again 
to find a described species of S'eiiieiUium with which this new 
monld would agree, it was dcBcribed under the name of Peiii- 
(nlliiim eheriarvm.* 

Almost simultaneonsly, or lut shortly after the perfection 
of the spores of Fenicillium, other and very similar patches 
appeared, distinguished by the naked eye more particularly by 
their dendritic form. This peculiarity seemed to result from the 
dwarfed habit of the third fungus, since the varnish, though 
cracked and raised, was not cast off, but remained in small 
angular fi-agments, giving to the spots their dendritic appearance, 
the dark spores of the fungus protmding through the fissures. 
This same mould was also found in many cases growing in the 
same spots amongst PenicilUuvi cTiartarum, but whether from 
the same mycelium could not be determined. 

The distinguishing features of this fungus consist in an 
extensive mycelium of delicate threads, from which arisQ 
numeroua erect b:'aiichea, bearing at the apex dark brown 
opaque spores. Sometimes tlie branches "were again shortly 
branched, but in the majority of instances were single. The 
septate spores had from two to four divisions, many of them 
divided again by cross septa in the longitudinal direction of tho 
spore, BO as to impart a muriform appearance. As far as t 
structure and appearance of the spores are concerned, they I 
■ Cooko'a "Handbook *! British Fungi," p. 602. 
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sembled those of Sporidesmitim poli/morphum, under which name 
specimens were at first published,* but this determination was 
not satisfactory. The myceliam and erect threads are much too 
highly developed for a good species of Sporidesmium^ although 
the name of Sporidesmium alternaria was afterwards adopted. 
Jn fresh specimens of this fungus, when seen in situ by a half- 
inch objective, the spores appear to be moniliform, but if so, all 
attempts to see them so connected, when separated from the 
matrix, failed. On one occasion, a very immature condition was 
examined, containing simple beaded, hyaline bodies, attached 
to each other by a short neck. The same appearance of 
beaded spores, when seen in situ, was recognized by a myco- 
logical friend, to whom specimens were submitted for con- 

firmation.f 

The last production which made its appearance on our wall- 
paper burst through the varnish as little black spheres, like 
grains of gunpowder. At first the varnish was elevated by 
pressure from beneath, then the film was broken, and the little 
blackish spheres appeared. These were, in the majority of cases, 
gregarious, but occasionally a few of the spheres appeared 
singly, or only two or three together. As the whole surface of 
the damp paper was covered by these different fimgi, it was 
scarcely possible to regard any of them as isolated, or to declare 
that one was not connected with the mycelium of the others. 
The little spheres, when the paper was torn from the wall, were 
also growing from the under surface, flattened considerably by 
the pressure. THe spherical bodies, or perithecia, were seated 
on a plentiful hyaline mycelium. The walls of the perithecia, 
rather more carbonaceous than membranaceous, are reticulated, 
reminding one of the conceptacles of Erysiphe, to which the 
perithecia bear considerable resemblance. The ostiolum is so 



* 



Cooke's ^' Fungi Britannici Exsiccati," No. 329, under the name of 
Sporidesmium polymorphum var. chartarum, 

+ This reminds one of "PreussB A Itemariaf figured in Sturm*s "Flora;" it 
has been suggested that the mould, as seen when examined under a power of 
820 diam. , is very much like a Macroaporium, Again arises the question of the 
strings of spores attached end to end. 



obscure that we doubt its existeQce, and Lence tbe closer a 
of the plant to the Perigporiacei than to the Sphceriacei. 
interior of the perithocinm is occupied by a gelatinous nucleus, 
consisting of elongated cylindrical aaci, each enclosing eight 
globose hyaline sporidia, with slender branched paraphyses. A 
new genus has been proposed for tliia and another similar form, 
and the present species bears the came of Orbienla eyclospora.* 
The most aingpiilar circumstance connected with this narrative 
ia the presence together of four distinctly different species of 
fungi, all of them previously unknown and undescribed, and no 
traceamongstthemof the presence of any one of the very common 
species, which would be supposed to develop themselves under 
such circumstances. It ia not at all unusual for Sporocybe 
alternaia, B., to appear in broad black patches on damp papered 
waOs, bat in this instance not a trace was to be found. What 
were the peculiar conditions present in this instance which led 
to the manifestation of four new forms, and none of the old 
ones ? We confess that-we arc unable to account satisfactorily 
for the mystery, but, at the same time, feel equally nnwiUiiig to 
invent hypotheses in order to conceal our own ignorance. 

• "IIaii(lbooko£ EriLiali Fangi," vol. ii, p. 826, No. 2,78?. 



XII. 

CULTIVATIOK. 

The cultivation of ftingi in this country for esculent purposes 
is confined to a single species, and yet there is no reason why, 
by a series of well-conducted experiments, means should not 
be devised for the cultivation of others, for instance, Maras- 
mius oreadesj and the morel. Efibrts have been made on the 
Continent for the cultivation of truffles, but the success has 
hitherto been somewhat doubtfal. For the growth of the com- 
mon mushroom, very little trouble and care is required, and 
moderate success is certain. A friend of ours some years since 
was fortunate enough to have one or two specimens of the large 
puflT-ball, Lycoperdon giganteum^ growing in his garden. Know- 
ing its value, and being particularly fond of it when fried for 
breakfast, he was anxious to secure its permanence. The spot 
on which the specimens appeared was marked off and guarded, 
so that it was never desecrated by the spade, and the soil 
remained consequently undisturbed. Year after year, so long 
as he resided on the premises, he counted upon and gathered 
several specimens of the puff-ball, the mycelium continuing to 
produce them year after year. All parings, fragments, &c., not 
utilized of the specimens eaten were cast on this spot to rot, so 
that some of the elements might be returned to the soil. This 
was not true cultivation perhaps, as the fungus had first estab- 
lished itself, but it was preservation, and had its reward. It 
must be admitted, however, that the size and number of speci- 
mens diminished gradually, probably from exhaustion of the 

soil. This fiingus, though strong, is much approved by many 
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palates, and its cultivation, might be attempted. Bnrying a:r 
specimen in eimilar soil, and watering gronnd with the spores, 
has been tried without snccesa. • 

As to tho methods adopted for cnltiration of the common mush- 
room, it is unnecessary to detail them hero, as there are several 
special treatises devoted to the subject, in which the particulars 
are more fully givon than the limits of this chapter will permit. + 
Recently, M, Chevreul exhibited at the Frenoh Academy some 
splendid mushrooms, said to Iiave been pi-oduced by the following 
method: he first develops tho mushrooms by sowing spores on 
a pane of glass, covered with wet sand ; then he selects the most 
vigorous individuals from among them, and bows, or plants their 
mycelinm in a cellar in a damp soil, consisting of gardener's 
mould, covered with a layer of sand and gravel two inches thick, 
and another layer of nibbisb from demolitions, about an inch deep. 
The bed ia watered with a diluted solution of nitrate of potasli, 
and in about six days the mushrooms grow to an enormous 
size.J The cultivatiou of mashrooms for the market, even in 
this country, is so profitable, that curious revelations sometimes 
crop up, as at a recent trial at the Sheriffs' Court for compensa- 

• Eiperimenla irere made at Belvoir, by Mr. Ingram, in the onltiTtttion of 
EBTcral epeuiee of Agaricivi, 1}ut wlttioiit success, Knd a EimilBT fate attended 
Eome EpnwD of a very Buperior kind from the Swim Biver, which was submitted 
to the lute Mr. J. Hen^ereon. Ko result was obtained at Chiawicit, either froED 
the calUvation of trufRea or fi-om the inocnlation of grass-plats with eicellent 
spawn. Mc. Dieney'a experiments at the Hyde, neac Ingateatone, were mnde with 
dried truffles, and were not likely to siiccsed. The Ttscomte NOe succeeded in 
obtaining ahundajit truffles, in an enclosed portion of a wood fenced from wild 
boars, by watering the graond with an iufuaion of fresh speoimena ; bnt it ii 
possible that as this took place in a truffle country, there might have been a crop 
without any manipulation. Similar trials, and it is said enccerafnlly, have been 
made with Molctui tdaiU. Specimens of prepared trntlle- spawn were eentmany 
yeara sdnce to the " Gardener's Chronicle," but they proted nselesa, if indeed 
they really contained any reliable spawn. 

+ Robinson, "On Muatroom Culture," London, 1870. Cutliill, "Onthe 
Cultivation of tho Mushroom,* 1S61. Abercrombie, "The Garden Mushroom; 
its Culture, &c." 1802. 

las, however, not been confirmed, and iB considered (bow juatly we 
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tion by the Metropolitan Railway Company for premises and 
business of a nurseryman at Kensington. The Railway had 
taken possession of a mushroom-ground, and the claim for 
compensation was £716. It was stated in evidence that the 
profits on mushrooms amounted to 100 or 150 per cent. One 
witness said if £60 were expended, in twelve months, or perhaps 
in six months, the sum realized would be £200. 

Immense quantities of mushrooms are produced in Paris, as 
is well known, in caves, and interesting accounts have been 
written of visits to these subterranean mushroom- vaults of the 
gay city. In one of these caves, at Montrouge, the proprietor 
gathers largely every day, occasionally sending more than 
400 pounds weight per day to market, the average being 
about 300 pounds. There are six or seven miles' run of 
mushroom-beds in this cave, and the owner is only one of a 
large class who devote themselves to the culture of mushrooms. 
Large quantities of preserved mushrooms are exported, one 
house sending to England not less than 14,000 boxes in a year. 
Another cave near Frepillon was in full force in 1867, sending 
as many as 3,000 pounds of mushrooms to the Parisian markets 
daily. In 1867, M. Renaudot had over twenty-one miles of 
mushroom-beds in one great cave at Mery, and in 1869 there 
were sixteen miles of beds in a cave at Frepillon. The tem- 
perature of these caves is so equal that the cultivation of the 
mushroom is possible at all seasons of the year, but the best 
crops are gathered in the winter. 

Mr. Robinson gives an excellent account, not only of the sub- 
terranean, but also of the open-air culture of mushrooms about 
Paris. The open-air culture is never pursued in Paris during 
the summer, and rarely so in this country.* What might be 
termed the domestic cultivation of mushrooms is easy, that is, 
the growth by inexperienced persons, for family consumption, of 
a bed of mushrooms in cellars, wood-houses, old tubs, boxes, or 
other unconsidered places. Even in towns and cities it is not 
impracticable, as horse- dung can always be obtained from mews 

• This method is pursued with great success by Mr. Ingram, at Belvoir, and by 
Mr. Gilbert, at Burleigh. 
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and 8t4il)lea. Certainly fungi are never bo liarmleBS, t 

BO delicious, as when collected from tho bed, and cooked atonoe, 
before the slightest chemical change or deterioration could pos- 
sibly take place- 
Mr. Cuthill's advice may be repeated here. He Bays: — "1 
must not forget to remind the cottager that it ■wonld bo a 
shilling or two a week saved to him duiing the winter, if he had 
a good little bed of mushrooms, even for his own family, to say 
nothing about a shilling or two that be might gain by selling to 
his neighbours. I can assure him mushrooms grow faster than 
pigs, and the mushrooms do not cat anything j they only want 
a little attention. Addressing myself to the working claaaea, I 
advise them, in the first place, to employ their childi-en op others 
collecting horse-droppiaga along the highway, and If mixed with 
a little road-sand, so much the better. They must be deposited 
in a heap during summer, and trodden firmly. They will heat 
ft little, but the harder they are pressed the less they will heat, 
Over-heating must be guarded against ; if the watch or trial 
stick which is inserted into them gets too hot for the hand to 
bear, the heat is too great, and will destroy the spawn. In that 
case artificial spawn must be used when the bed is made up, but 
this espediont is to be avoided on account of the expense. The 
easiest way for a* cottager to save his own spawn wonld he to 
do so when he destroys his old bed ; he will find all round the 
edges or driest parts of the dung one mass of superior spawn ; 
let him keep this carefully in a very dry place, and when he 
makes up hia next bed it can then be mised with his summer 
droppiugs, and will insure a continuance and excellent crop. 
These little collections of horse- droppings and road-sand, if kept 
di-y in shod, hole, or corner, under cover, will in a short time 
generate plenty of spawn, and will be ready to be spread on the 
surface of the bed in early autumn, say by the middle of Sep- 
tember or sooner. The droppings during the winter must bu 
put into a heap, and allowed to heat gently, say up to eighty n 
ninety degrees ; then they must be turned over twice daily t» 
let off the heat and steam ; if this is neglected the natural spawn 
of the droppings is destroyed, The cottager should provids 
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himself with a few barrowfuls of strawy dung to form the 
foundation of his bed, so that the depth, when all is finished, be 
not less than a foot. Let the temperature be up to milk heat. 
He will then, when quite sure that the bed will not overheat, put 
on his summer droppings. By this time these will be one mass 
of natural spawn, having a grey mouldy and thready appear- 
ance, and a smell like that of mushrooms. Let all be pressed 
very hard ; then let mould, unsifted, be put on, to the thickness 
of four inches, and trodden down hard with the feet and watered 
all over ; and the back of a spade may now be used to make it 
still harder, as well as to plaster the surface all over.*' * Mush- 
rooms are cultivated very extensively by Mr. Ingram, at Belvoir, 
without artificial spawn. There is a great riding-house there, in 
which the litter is ground down by the horses' feet into very 
small shreds. These are placed in a heap and turned over once 
or twice during the season, when a large quantity of excellent 
spawn is developed which, placed in asparagus beds or laid under 
thin turf, produces admirable mushrooms, in the latter case as 
clean as in our best pastures.f 

Other species will sometimes be seen growing on mushroom- 
beds besides the genuine mushroom, the spawn in such cases 
being probably introduced with the materials employed. We 
have seen a pretty crisped variety of Agaricus dealhatus growing 
in profusion in such a place, and devoured it accordingly. Some- 
times the mushrooms will^ when in an unhealthy condition, be 
subject to the ravages of parasitic species of mould, or perhaps 
of Hypomyces. 2jylaria vaporaria has, in more than one instance, . 
usurped the place of mushrooms. Mr. Berkeley has received 
abundant specimens in the Sclerotioid state, which he succeeded 
in developing in sand under a bell glass. Of course under such 
conditions there is much loss. The little fairy-ring champignon 
is an excellent and useful species, and it is a great pity that 
some efibrt should not be made to procure it by cultivation. In 

* Cuthill, " Treatise on the Cultivation of the Mushroom," p. 9. 

+ Mr. Berkeley lately recommended, at one of the nxeetings of the Horticul- 
tural Society at South Kensington, that the railway arches should be utilized foi 
the cultiyation of mushrooms. 



Italy a kind of Foli/porns, unkaoivn in thia conntry, is obtained 
by watering the Pieirafunghnia, or fungna stone, a sort of tufa 
impregnated with myceliura. The Poli/pori, it is said, take aoven 
days to come to perfection, and may be obtained from the foster' 
maaa, if properly moistened, six times a year. There are speci- 
mens which were fully developed in Mr. Lee's nnrseiy at Ken- 
sington many years since. Another fungus is obtained from the 
pollard head of the black poplar. Dr. Badham saya that it is 
nsual to remove these heads at the atter end of autumn, as soon 
as the vintage is over, and their marriage with the vine is 
annulled ; hundreds of such heada are then cut and transported 
to different parts ; they are abundantly watered daring the first 
month, and in a short time produce that truly delicious fungna 
Agaricuf cttudicinws, which, during the autumn of the year, makes 
the greatest show in the Italian marbet-placea. These pollard 
blocks continue to bear for from twelve to fourteen years. 

Another fiiiigus, which Dr. Badham himself reared (_PoIi/porus 
avellanits), is procured by singeing, over a handful of straw, a 
block of the cob-nut tree, which is then watered and put by. 
In about a month the fungi make their appearance, and are 
quite white, of from two to "three inclies in diameter, and ex- 
cellent to eat, while their profusion is sometimes so great as 
entirely to hide the wood from whence they spring.* It has 
been said that Soletas edulia may be propagated by watering 
the ground with a watery infusion of the plants, but we have no 
knowledge of this method having been pursued with success. 

The culture of truffles has been partially attempted, oa the 
principle that, in some occult manner, certain trees produced 
truffles beneath their pli;ide. It is ti-ue that truffles are found 
under trees of special kinds, for Mr. Broome remarks that some 
trees appear more favourable to the production of truffles than 
otiiers. Oak and hornbeam are specially mentioned; but, be- 
sides these, chestnut, birch, box, and hazel are alluded to. He 
generally found Tuber aslivuiit- under beech-treos, but also under 
hazel, Tuber macrosporum under oaks, and Tuber hrumale under 

* Bivlhani, "Esculent Fnngiues," IbI ed. p. j3. 
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oaks and abele. The men wlio collect truffles for Covent Gar- 
den Market obtain them chiefly under beech, and in mixed 
plantations of fir and beech.* 

Some notion may be obtained of the extent to which the trade 
of truffles is carried in France, when we learn that in the market 
of Apt alone about 3,500 pounds of truffles are exposed for sale 
every week during the height of the season, and the quantity 
sold during the winter reaches upwards of 60,000 pounds, whilst 
the Department of Vaucluse yields annually upwards of 60,000 
pounds. It may be interesting here to state that the value of 
truffles is so great in Italy that precautions are taken against 
truffle poachers, much in the same way as against game poachers 
in England. They train their dogs so skilfully that, while they 
stand on the outside of the truffle grounds, the dogs go in and 
dig for the fungi. Though there are multitudes of species, 
they bring out those only which are of market value. Some 
dogs, however, are employed by botanists, which will hunt for 
any especial species that may be shown to them. The gieat 
difficulty is* to prevent them devouring the truffles, of which 
they are very fond. The best dogs, indeed, are true retrievers. 

The Count de Borch and M. de Bomholz give the chief ac- 
counts of the efibrts that have been made towards the cultivation 
of these fungi. They state that a compost is prepared of pure 
mould and vegetable soil mixed with dry leaves and sawdust, in 
which, when properly moistened, mature truffles are placed in 
winter, either whole or in fragments, and that after the lapse of 
some time small truffles are found in the compost, f The most 
successful plan consists in sowing acorns over a considerable 
extent of land of a calcareous nature ; and when the young oaks 
have attained the age of ten or twelve years, truffles are found 
in the intervals between the trees. This process was carried on 
in the neighbourhood of Loudun, where truffle-beds had formerly 
existed, but where they had long ceased to be productive — a fact 
indicating the aptitude of the soil for the purpose. In this case 

♦ Broome, "On Truffle Culture," in " Journ. Hort. Soc." i. p. 15 (1866). 
*t« No faith, howeyer, is, in general, placed on these treatises, as they were 
merely conjectnraL 
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no attempt was made to produce truffles by placing ripe spe^^| 
mens in the earth, but they eprang up themselves from spores 
jirobably contained in the Boil. The young trees were left 
rather wiile apart, and were cut, for the first time, about the 
twelfth year after sowing, and afterwards at intervals of (roia 
seven to nine years. Truffles were thus obtained for a period 
of from twenty-live to thirty years, after whieh the plautatione 
ceased to be productive, owing, it was said, to the ground being 
too much shaded by the branches of the yoang trees. It is the 
opinion of the Messrs. Tulasae that the regular cultivation of 
the truffle in gardens can never be so successful as this so-called 
indirect culture at Loudun, bat they think that a satiafactory 
result might be obtained in suitable soils by planting fragments 
of mature truffles in wooded localities, taking care that the other 
conditions of the spots selected should be analogous to those of 
the regular truffle-grounds, and they recommend a judicious 
thinning of the trees and clearing the surface from brushwood, 
etc., which prevents at once the beneficial effects of rain and of 
the direct sun's rays. A trufllo collector stated to Mr. Broome 
that whenever a plantation of beech, or beech and fir, is made on 
the chalk districts of Salisbury Plain, after the lapse of a few 
years truffles are produced, aud that these plantations continue 
productive for a period of from ten to fifteen years, after which 
they cease to be so. 

M. Gaspai'in reported to the jurors of the Paris Exhibition of 
1855, concerning the operations of M. Housseau, of Carpentras, 
on the production of oak truffles in France. The acorns of ever- 
green and of common oaks were sown about five yards apart. 
[n the fourth year of the plantatioa three truffles wore found ; at " 
the date of the report the trees were nine years old, and over a 
yard in height. Sows were employed to search for the truffles. 
Although these plantations consist both of the evergi'eeu and 
common oak, truffles cannot bo gathered at the hose of the latter 
species, it so happening that it arrives later at a state of pro- 
duction. The common oak, however, produces truffles like tho 
evergreen oak, this report states, for a great number of tho 
natural truffle-grounds at Vaucluse are planted with common 
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oaks. It is remarked that the truffles produced from these 
are larger but less regular than those of the evergreen oak, 
which are smaller, but nearly always spherical. The truffles are 
gathered at two periods of ther year ; in May only white truffles 
are to be found, which never blacken and have no odour ; they 
are dried and sold for seasoning. The black truffles (Tiibev 
melanosporum) commence forming in June, enlarging towards 
the frosty season; then they become. hard, and acquire all their 
perfume. They are dug a month before and a month after 
Christmas. It is also asserted that truffles are produced about 
the vine, or at any rate that the association of the vine is 
favourable to the production of truffles, because truffle-plots near 
vines are very productive. The observation of this decided 
M. Rousseau to plant a row of vines between the oaks. The 
result of this experiment altogether does not appear to have 
been by any means flattering, for at the etid of eight years only 
little more than fifteen pounds were obtained from a hectare of 
land, which, if valued at 45 francs, would leave very little profit. 
M. Rousseau also^ called attention to a meadow manured {sic) 
with parings of truffles, which was said to have given prodigious 
results. 

The cultivation of minute fungi for scientific purposes has 
been incidentally alluded to and illustrated in foregoing chapters, 
and consequently will not require such full and particular details 
here. Somewhat intermediately, we might allude to the species 
of Sclerotium, which are usually compact, externally blackish, 
rounded or amorphous bodies, consisting of a cellular mass of 
the nature of a concentrated mycelium. Placed in favourable 
conditions, these forms of Sclerotium wiU develop the peculiar 
species of fungus belonging to them, but in certain cases the 
production is more rapid and easy than in others. In this 
country, Mr. F. Currey has been the most successful in the cul- 
tivation of Sclerotia. The method adopted is to keep them in 
a moist, somewhat warm, but equable atmosphere, and with 
patience await the results. The well-known ergot of rye, wheat, 
and other grasses may be so cultivated, and Mr. Currey has 
developed the orgot of the common reed by keeping the stem 



immersed in water. Tlie final conditions are anaall cltiTate bodi 
of the order Sjjii(griaeei, belonging to the genus Clavicepa. Th™ 
Sclerotiam of the Eleocharis has been fonnd in this country, but 
we are not awaj« that the Claviceps developed from it has been 
met with or induced by cultivation. One method recommended 
for this sort of experiment is to fill a garden-pot half full of 
crocks, over which to place eptagnnm broken np nntil the pot is 
nearly full, on this to place the Sclerolia, and oover with Bilver 
Band; if the pot is kept standing in a pan of water in a warm 
room, it is stated that production will ensno. Ergot of the 
grasses will not always develop under these conditions, but 
perseverance may nltimately ensure success. 

A species of Selerotium on the gills of dead Agarics originates 
Agarieut tuberosum, another Agaricus eirrhaius' but this should 
be kept in tita when cultivated artificially, and induced to 
develop whilst still attached to the rotten Agarics. Tezisa tttbe- 
rosa, in like manner, is developed from Sclerotia, nsnally found 
buried in the ground in company with the roots o£ Anemone 
nemorosa. At one time it was supposed that some relationahip 
eaisted between the roots of the anemone and the Sclerotla. 
From another Selerotium, found in the stems of hulrushos, Mr. 
Cnrrey has developed a species oiPezixa, which has been najned 
2*. Oiwreyana.t This Fezina has been fonnd growing naturally 
from the ScleroHa imbedded in the 'tissue of conimon rushes. 
De Bary has recorded the development of Feziza Fuekeliana 
from a Selerotium of which the conidia take the form of a species 
of Fohjaetis. Peziza eihorioidet is developed from a Selerotium 
found amongst dead leaves ; Bjid recently we have received from 
the United States an allied Fexiza which, originated from the 
Selerotia found on the petals of Magnoliay and which has been 
named Feziza graoilipes, Cooke, from its very slender, thread- 
like stem. Other species of Peziza are also known t 

[]ed from similar bases, and these Fuckel has associated 
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■ Dr. Ball baa been very aucwaaful in developing tlie S 
eirrliatfH. 

+ Oorwy, "On Development o£ Selerotium roifum," in 
vol L p. 148. 
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together nnder a proposed new genns with the name of Sclero- 
iinia. Two or three species of TSfpTiula, in like manner, spring 
from forms of Sclerotium, long known as Sclerotium compla- 
natum and Sclerotium scutellatum. Other forms of Sclerotium 
are known, from one of which, found in a mushroom-bed, Mr. 
Currey developed Xylaria vaporaria, B., by placing it on damp 
sand covered with a bell glass.* Others, again, are only known 
in the sclerotioid state, such as the Sclerotium stipitatum found in 
the nests of white ants in South India.t From what is already 
known, however, we feel justified in the conclusion that the 
so-called species of Sclerotium are a sort of compact mycelium, 
from which, under favourable conditions, perfect fungi may be 
developed. Mr. Berkeley succeeded in raising from the minute 
Sclerotium of onions, which looks like grains of coarse gun- 
powder, a species of Mucor. This was accomplished by placing 
a thin slice of the Sclerotium in a drop of water under a glass 
slide, surrounded by a pellicle of air, and luted to prevent 
evaporation and external influences.J 

As to the cultivation of moulds and Mucors, one great diffi- 
culty has to bo encountered in the presence or introduction of 
foreign spores to the matrix employed for their development. 
Bearing this in mind, extensive cultivations may be made, but 
the conditions must influence the decision upon the results. 
Bice paste has been used with advantage for sowing the spores 
of moulds, afterwards keeping them covered from external in- 
fluences. In ctdtivation on rice paste of rare species, the 
experimenter is often perplexed by the more rapid growth of 
the common species of Mucor and JPenicillium, Mr. Berkeley 
succeeded in developing up to a certain point the fungus of the 
Madura Foot, but though perfect sporangia were produced, the 
further development was masked by the outgrowth of other 
species. In like manner, orange juice, cut surfaces of fruits, 

♦ Currey, in "Linn. Trans." xxiv; pi. 25, figs. 17, 26. 

+ Berkeley, "On Two Tuberiform Veg. Productions from Travancore," in 
" Trans. Linn. Soc." vol. xxiii. p. 91. 

t Berkeley, " On a Peculiar Form of Mildew in Onions,*' " Journ. Hort. Soc." 
vol. iii. p. 91, 
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itato tubers, eto., have been employed. 

id under a bell glass and kept in a hnmid atmosphere, 

e covered witb. Mucor, and in like manner the growth 
a moulds upon decayed fruit may be watched ; but this 
can hardly be termed cnltivation unless the spoi^es of some indi- 
vidaal species are sown. Di£foTent aolutions have been proposed 
for the growth of finch conditions as the cells which induce fer- 
mentation, to which yeast planta belong. A fly attacked by 
Empusa museis, if immersed in water, will develop oae of the 
Saprole^nia. 

The Uredinea and other epiphyllous Coniotnyceles will readily 
germinate by placing the leaf which bears them on damp sand, 
or keeping them in a humid atmosphere. Messrs. Talasne and 
De Bary have, ia their nnraeroas memoirs, detailed the methods 
adopted by them for different species, both for germination of 
the pseadospores and for impregnating healthy foster plants. 
The germination of the pseudospores of the species of Padi- 
toma may easily be induced, and secondary fruits obtained. The 
germination of tho spores of Tilletia is more difficult to accom- 
plish, but this may be achieved. Mr. Berfeeley foand no difficulty, 
and bad the stem impregnated as well as the germen. On the 
other hand, the pseudospores of C^stopas, when sown in water 
on a slip of glass, will soon produce the curions little zoospores 
in the manner already described. 

The sporidia of the Discomycetes, and some of the SplitEriaeei, 
germinate readily in a drop of wat«r on a slip of glass, although 
not proceeding further than the protrusion of germ-tubes. A 
form of slide has been devised for growing purposes, in which 
the large covering glass is held in position, and one end of tho 
shp being kept immersed in a vessel of water, capillary attrac- 
tion keeps up the supply for an indefinite period, so that there ia 
no fear of a check from the evaporation of the fluid. Even when 
saccharine solntiona are employed this method may be adopted. 

The special cultivation of the Peronogporei occupied the atten- 
tion of Professor De Bary for a long time, and his experiences 
are detailed in his memoir on that group,* bat which 

" Db Esry, "Ann. dea .^i. Nat." ith seriea, vol. n. 
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long for quotation here, except his observations on the develop- 
ment of the threads of JPeronospora infestans on the cut surface 
of the tubers of diseased potatoes. When a diseased potato is 
cut and sheltered from dessication, the surface of the slice covers 
itself with the mycelium and conidiiferous branches of Perono- 
sporOy and it can easily be proved that these organs originate 
from the intercellulary tubes of the brown tissue. The mycelium 
that is developed upon these slices is ordinarily very vigorous ; 
it often constitutes a cottony mass of a thickness of many milli- 
metres, and it gives out conidiiferous branches, often partitioned, 
and larger and more branched than those observed on the leaves. 
The appearance of these fertile branches ordinarily takes place 
at the end of from twenty-four to forty-eight hours ; sometimes, 
nevertheless, one must wait for many days. These phenomena 
are observed in all the diseased tubercles without exception, so 
long as they have not succumbed to putrefaction, which arrests 
the development of the parasite and kills it. 

Young plants of the species liable to attack may be inoculated 
with the conidia of the species of Peronospora usually developed 
on that particular host, in the same manner that young cruci- 
ferous plants, watered with an infusion of the spores of Cystopus 
candidtis, will soon exhibit evidence of attack from the white 
rust. 

It is to the cultivation and close investigation of the growth 
and metamorphoses of the minute fungi that we must look for 
the most important additions which have yet to be made to our 
knowledge of the life- history of these most complex and interest- 
ing organisms. 




Hbtobtdkately no complete or satiafactory accotmt can be ^en 
of tte gcograpliical distribution of fungi. The younger Fries,* 
with aJl the facilities at his disposal which the lengthened 
experience and largo collections of his father afforded, could only 
giv^o a very imperfect ootliae, and now we cau add very little 
to what lie Las given. The cause of this difficulty lies in the 
fact that the Myeologic Flora of so large a portion of the world 
remaima unexplored, uot oilly in remote regions, but even in 
civilized countries where tbe Phanerogamic Flora is well known. 
Europe, England, Scotland, and Wales are as well explored as 
any other country, but Ireland is comparatively unknown, no 
"lection having ever been made, or any at least 
published, Scandinavia has also been well examined, and the 
northern portions of France, with Belgium, some parts of Ger- 
many and Austria, in Russia the neighbourhood of St, Peters- 
bnrg, and parts of Italy and Switzerland, Turkey in Europe, 
nearly all Russia, Spain, and Portugal are almost unknown. Aa 
to North America, considerable advances have been made since 
Sebweinitz by Messrs. Curtis and Ravenel, but their collections 
in Carolina cannot be supposed to represent tbe whole of the 
United States ; the small collections made in Texas, Mexico, 
etc., only serve to show the richness of the country, not yet 
exhausted. It is to be hoped that the young race of botanistB 
in the United States will apply themselrea to the task 
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gating the Mycologic Flora of this rich and fertile region. In 
Central America very small and incomplete collections have as 
yet been made, and the same may be said of South America and 
Canada. Of the whole extent of the New World, only the 
Carolina States of North America can really be said to be satis- 
factorily known. Asia is still less known, the whole of our vast 
Indian Empire being represented by the collections made by 
Dr. Hooker in the Sikkim Himalayas, and a few isolated speci- 
mens from other parts. Ceylon has recently been removed from 
the category of the unknown by the publication of its Mycologic 
Flora.* All that is known of Java is supplied by the researches 
of Junghuhn; whilst all the rest is completely unknown, includ- 
ing China, Japan, Siaro, the Malayan Peninsula, Burmah, and 
the whole of the countries in the north and west of India. A 
little is known of the Philippines, and the Indian Archipelago, 
but this knowledge is too fragmentary to be of much service. 
In Africa no part has been properly explored, with the exception 
of Algeria, although something is known of the Cape of Good 
Hope and Natal. The Australasian Islands are better repre- 
sented in the Floras published of those regions. Cuba and the 
West Indies generally are moderately well known from the 
collections of Mr. C. Wright, which have been recorded in the 
journal of the Linna3an Society, and in the same journal Mr. 
Berkeley has described many Australian species. 

It will be seen from the above summary how unsatisfactory 
it must be to give anything like a general view of the geographi- 
cal distribution of fungi, or to estimate at all approximately 
the number of species on the globe. Any attempt, therefore, 
must be made and accepted subject to the limitations we have 
expressed. 

The conditions which determine the distribution of fungi are 
not precisely those which determine the distribution of the 
higher plants. In the case of the parasitic species they may be 
said to follow the distribution of their foster-plants, as in the 
case of the rust, smut, and mildew of the cultivated cereals, 

* Berkeley and Broome, **Ennraeratioii of the Fungi of Ceylon," in *'Joarn. 
Linn. Soc." xiv. Nob. 73, 74, 1873. 
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which have followed those grains wherever 61iey have 1 
distributed, and the potato disease, which is said to have been 
known in the native region of the potato plant before it made 
its appearance in Enrope. VVe mig'ht also allade to Puecim'a 
maloacearwn, Ca., which was first made known as a South 
American species ; it then travciled to Australia, and at length 
to Europe, reaching England the nest year after it was recorded 
on the Continent. In the same manner, so far as we have the 
means of knowing, Puccinia Apii, Ca., was known on the Con- 
tinent of Europe fov some time before it was detected on the 
celery plants in this country. Experience seems to warrant the 
conclusion that if a. parasite affects a certain plant within 
a definite areai, it will extend in time beyond that area to 
other countries where the foster-plant is found. This view 
accounts in some part for the discovery of species in this country, 
year after year, which had not been recorded before ; some 
allowance being made for the fact that an increased number of 
observers and collectore may cause the search to be more com- 
plete, yet it must be conceded that the migration of Continental 
species must to some extent be going on, or how can it be 
accounted for that such large and attractive fungi as Sparamii 
crispa, Helvellaa gigat, and Moi'ckeUa crastlpeg had never been 
recorded tOl recently, or amongst parasitic species such as the 
two species of Puccinia above named ? In the se 
is undoubtedly true that species which at one time were c 
gradually become somewhat rare, and at length nearly estinct. 
We have observed this to apply to the larger species as well as 
to the micrOBOopio in definite localities. For instance, Orater- 
ellus contucopioides some ten years ago appeared in one wood, 
at a certain spot, by hundreds, whereas during the past three or 
four years we have failed to find a single specimen. As many 
years since, and in two places, -where the goat'a-beard was abun- 
dant, as it is now, we found nearly half tho flowering heads 
infested with TTstUago receplatntlorwm, but for the past two or 
three years, although wo have sought it industriously, not a 
single specimen could be found. It is certain that plants found 
by Dickson, Bolton, and Sowerby, have not been detected sine*. 
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whilst it iH not improbable that species common with na may be 
very rare fifty years hence. In this manner it wonld really 
appear that fungi are much more liable than flowering plants to 
ehift their localities, or incroaso and diminish in number. 

The fleshy fungi, Agaricini and Soleti especially, are largely 
dependent upon the character of woods and forests. When the 
audergrowth of a. wood is cleared away, as it often is every few 
years, it is easy to observe a considerable difference in the fnngi. 
Species seem to change places, common ones amongst a dense 
nndei^owtb are rare or disappear withi the copsewood, and 
others not observed before take their place. Some species, too, 
are peculiar to certain woods, suci as beech woods and fir woods, 
and their distribntion will eonsequently depend very much 
on the presence or absence of such woods. Epiphytal species, 
such as Agaricus iilinariu», Ajaricus mucidus, and a host of 
others, depend on circumstaacss which do not inflaence the 
distribution of flowering plants. It may be asauined that 
Buch species as flonrish in paBtnres and open places are suhjcct 
to fewer adverse conditions than those which affect woods and 
forests. 

Any one who has observed any locality with reference to its 
Myeologic Flora over a period of years will have been stmck 
with the diiTerenco in number and variety caused by what may 
be termed a " favourable season," that is, plenty of moisture in 
August with warm weather afterwards. Although we know bnt 
little of the conditions of germination ia Agarics, it is bat 
reasonable to suppose that a snccesaion of dry seasons will con- 
siderably influence the flora of any locahty. Heat and humidity, 
therefore, are intimately concerned in the myeologic vegetation 
oT a country. Fries has noted in his essay the features to which 
we have allnded. "The fact," he says, "must not be lost sight 
of that some species of fungi which have formerly been ooramon 
in certain localities may become, within our lifetime, more and 
more scarce, and oven altogethor cease to grow there, The 
cause of this, doubtless, is the occurrence of some change in the 
physical constitution of a locality, such as that resulting from 
the deatrttction of a forest, or from the drainage, by ditches and 



I 




FDNOr. 



rom the cnl^^^H 
lich cause the | 



cuttings, of more or leas extenBive Bwampa, or from i 
tivation of the 8oil — all of them circumstances which c 
destractioQ of the primitive fangaceoua vegetation and the p 
dnction of a new one. If wo co mpare the fungal flora of America 
with that of European countries, we observe that the former 
ita richness aud the variety of its forms, that of the 
phanerogamous flora; it is probable, however, that, in the 
lapse of more or fewer years, this richness will decrease, in 
consequence of the extension of cultivation-^fls is illustrated, 
indeed, in what has already taken place in the more thickly 
peopled districts, as, for example, ia the vicinity of Hew 
Toi-k." 

Although heat and humidity influence all kinds of vegetation, 
yet heat seems to exert a less, and humidity a greater, infiuence 
on fungi than on other plants. It is chiefly during the cool 
moist autumnal weather that the fleshy fungi flourish most 
vigorously in our own country, and we observe their number to 
increase with the humidity of the season, llain falls copiously 
in the United States, and this is one of tlie most fruitful coun- 
tries known for the fleshy fnngi. Hence it is a reasonablo 
deduction that moisture is a condition favoui-ablo to the develop- 
ment of these plants. The M<ixogastreg, according to Dr. Henry 
Carter, are exceedingly abundant — in individuals, at least, if not 
in species — in Bombay, and this would lead to the conclusion 
that the members of this gronp are inflaenced as much by heat 
as humidity in their development, borne out by the more plen- 
tiiul appearance of the species in this country in the warmer 
weather of summer. 

In the essay to which we have alluded. Pries only attempts 
the recognition of two zones in his estiraato of the distribution 
of fungi, and these are the temperate and tropical, The frigid 
zone produces no peculiar types, and is poor in the number of 
species, whilst no essential distinction can bo drawn between the 
tropical and sub-tropical with oar present limited information. 
Even these two zones must not be accepted too rigidly, since 
tropical forms will in some instances, and under favourable con- 
ditions, extend far upwards into the temperate zone. 
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"In any region whatever," writes Fries, "it is necessary, in 
the first instance, to draw a distinction between its open naked 
plains and its wooded tracts. In the level open country there is 
a more rapid evaporation of the moisture by the conjoined action 
of the sun and wind ; whence it happens that such a region is 
more bare of fungi than one that is mountainous or covered by 
woods. On the other hand, plains possess several species pecu- 
liar to themselves ; as, for example, Agarict^ pediades, certain 
Oiyicliolomata, and, above all, the family Coprini^ of which they 
may be regarded as the special habitat. The species of this 
family augment in number, in any given country, in proportion 
to the extent and degree of its cultivation ; for instance, they 
grow more luxuriantly in the province of Scania, in Sweden — 
a district further distinguished above all others by its cultivation 
and fertility. In well- wooded countries moisture is retained a 
much longer time, and, as a result, the production of fungi is 
incomparably greater ; and it is here desirable to make a distinc- 
tion between the fungi growing in forests of resinous-wooded 
trees {Coniferce) and those which inhabit woods of other trees, 
for these two descriptions of forests may be rightly regarded, as 
to their fungaceous growths, as two different regions. Beneath 
the shade of Conifer (By fungi are earlier in their appearance ; so 
much so, that it often happens they have attained their full de- 
velopment when their congeners in forests of non-resinous trees 
have scarcely commenced their growth. In woods of the latter 
sort, the fallen leaves, collected in thick layers, act as an obstacle 
to the soaking of moisture into the earth, and thereby retard 
the vegetation of fungi ; on the other hand, such woods retain 
moisture longer. These conditions afford to several large and 
remarkable species the necessary time for development. The 
beech is characteristic of our own region, but further north this 
tree gives place to the birch. Coniferous woods are, moreover, 
divisible into two regions — that of the pines and that of the firs. 
The latter is richer in species than the former, because, as is 
well known, fir-trees flourish in more fertile and moister soils. 
Whether, with respect to the South of Europe, other sub- 
divisions into regions are required, we know not ; still less are 
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we able to decide on the IJke qnestioa in reference to the c 
triea beyond Enrope." * 

In very cold countries the higher fungi are rare, wMlafe % 
tropical countricH they are most common at elevations whi 
secure a temperate climate. In Java, Junghnlin found then 
most prolific at an elevation of 3,000 to 5,000 feet; and in 
India, Dr, Hooker remarked that they were most abundant at 
an elevation of 7,000 to 8,000 feet above the sea level. 

For the higher fungi we mast be indebted to the summary 
made by Fries, to which wo have little to add. 

The genus Agaricwg occupies the first place, and surpasses, in 
the number of species, all the other generic groups known. It 
appears, from our present knowledge, that the Agarici have their 
geographic centre in the temperate zone, and especially in the 
colder portion of that zone. It is a curious circumBtanoe that 
all the estra-Enropean species of this genua Ajaricus may be 
referred to various Eni'opean subgenera. 

In tropical conntriea it appears that the Agariai occupy only a 
secondary position in relation to other genera of fungi, scch aa 
Polj/porus, Lensilef, ete. North America, on the other hand, is 
richer in species of Agaricaa than Europe; for whilst the ma- 
jority of typical forms are common to both continents, America 
further possesses many species pccnliar to itself. In the tem- 
perate zone, so close is the analogy prevailing between th9 
various countries in respect to the Agaricini, that from Sweden 
to Italy, and as well in England as North America, the same 
species are to be found. Of 500 Agaricini met with in St. 
Petersburg, there are only two or threo which have not been 
discovered in Sweden; and again, of fifty species known in 
Greenland, there is not one that is not common in Sweden. The 
same remarks hold good in reference to the Agaricini of Siberia, 
Eamtschatka, the Ukraine, etc. The countries bordering upon 
the Mediterranean possess, however, several peculiar types j and 
Eastern and Western Europe present certain dissimilarities in 
tlieir Agaric inhabitants. Several species, for example, of Armil' 
* Fnea, " On tlie Geograpliical Distrihutioa al FaDgi," in " Ann, and Mag. 
Hat. Hist." Btr. iiL vol. ii. p. 270. 
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laria and Triclioloma, which have been found in Russia, have 
been met with in Sweden only in Upland, that is, in the most 
eastern province ; all the species which belong to the so-called 
abiegno-rupestres and pineto-montanm regions of Sweden are 
wanting in England ; and it is only in Scotland that the species 
of northern mountainous and pine-bearing regions are met with — 
a circumstance explicable from the similarity in physical features 
between Sweden and the northern portions of Great Britain. 

The species of Coprintis appear to find suitable habitats in 
every quarter of the globe. 

The CortinarixB predominate in the north; they abound in 
Northern latitudes, especially on wooded hills ; but the plains offer 
also some peculiar species which flourish during the rainy days 
of August and September. In less cold countries they are more 
scarce or entirely absent. The species of the genus Hygrophorus 
would at first seem to have a similar geographical distribution 
to those of the last group ; but this is really not the case, for 
the same Hygropliori are to be found in nearly every country of 
Europe, and even the hottest countries (and those under the 
equator) are not destitute of representatives of this wide- spread 
genus. 

The Lactarii^ which are so abundant in the forests of Europe 
and North America, appear to grow more and more scarce 
towards both the south and north. The same may be stated 
in regard to Mussula, 

The genus Marasmius is dispersed throughout the globe, and 
everywhere presents numerous species. In inter-tropical coun- 
tries they are still more abundant, and exhibit peculiarities in 
growth which probably might justify their collection into a 
distinct group. 

The genera Lentinus and Lenzites are found in every region 
of the world; their principal centre, however, is in hot countries, 
where they attain a splendid development. On the contrary, 
towards the north they rapidly decrease in number. 

The Folypori constitute a group which, unlike that of the 
Agarics, especially belongs to hot countries. The Boleti con- 
stitute the only exception to this rule, since they select the 
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r regions of the A]pa. 



1 describe the lusnriaiice of the torrid z 
port and Ttametes, gencTa of Rymenom^cetes, which flourish 
beneath the shade of the virgin forests, where perpetnal moisture 
and heat promote their vegetation and give rise to an infinite 
variety of forme. But though the genus Polyporus, which rivals 
Agaricus in the number of its species, inhabits, io preference, 
warm climates at large, it nevertheless exhibits species peculiar 
to each country. This arises from the circumstance that the 
PoJypori, for the m.ost part, lire upon trees, and are dependent 
on this or that particular tree for a suitable habitat ; and the 
tropical flora being prolific in trees of all kinds, a multitude of 
the most varied forms of these fangi is a necessary consequence- 
Hexar)ona, Favolw, and Lascfiia are common in inter-tropical 
countries, bat they are either entirely absent or extremely rare 



1 the majority of the spfecies of a genus are of a fleshy 
consistence, it may generally be concluded that that genus 
belongs to a Northern region, even if it should have some repre- 
sentatives in lands which enjoy more sunshine. Thus tho Hydna 
are tho principal ornaments of Northern forests, where they attain 
BO luxuriant a growth and beauty that every other country mnat 
yield the palm to Sweden iu respect to them. In an allied genua, 
that of Jrpeco, the texture aasumes a coriaceous consistence, and 
we find its species to be more especially inhabitants of warm 
climates. 

Most of the genera of Auric-ularini are cosmopolitan, and the 
same is true of some species of Stereum, of Corticium, etc., ■which 
are met with in countries of the most different geographical 
position. In ti'opica] counti'ies, these genera of fangi assume the 
most curious and Insariaat forms. The single and not conaider- 
able genns Ci/p7ieJla appears to be pretty uniformly distributed 
over the globe. The Clavaritpi are equally universal in their 
diffusion, although more plentiful in the north; however, the 
genus Plentla possesses several exotic forms, though in Enrope 
it has but two representative species. That beautiful genua of 
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IRymenomyeeiei, Sparaggis, occupies a eimilar place next the 
Clavariasi, and ia peculiarly a production of the temperate zone 
and of the coniferona reijion. 

The fungi which constitute the family of Tremellini prevail ia 
Europe, Asia, and North America, and exhibit no marked differ- 
ences amongst themselves, notwithstandiiig the distances of the 
several countries apart. It must, Loweirer, be stated that the 
HirneoliB for the most part inhabit the tropics. 

We come notr to the Gaslerom^celes — an interesting family, 
which exhibits several ramiiicatioiia or particul^ series of de- 
velopments. The most perfect Gasteromi/cetea almost esclusively 
belong to the warmer division of the temperate, and to the 
tropical zone, where their vegetation is the most luxuriant. Of 
late the catalogue of these fungi has been greatly enricbed by 
the addition of numerous genera and species, proper to hot coun- 
tries, previously unknown. Not uncommonly, the esotic floras 
differ from ours, not merely in respect of the species, bnt also of 
the genera of Qasteromi/eetes. It must, besides, be observed 
that this family ia rich in well-defined genera, though very poop 
in distinct specific forms. Among the genera found in Europe, 
many are cosmopolitan. 

The Phalloidei present themselves in the torrid zone under 
the most varied form and colouring, and comprise many genera 
rich in species. In Europe their nnmber ia very restricted. As 
we advajice northward they decrease rapidly, so that the central 
districts of Sweden possess only a single epecies, the PhaUm 
impudicus, and even this solitary representative of the family ia 
very scarce. In Scania, the most southern province of Sweden, 
there is likewise bnt one genus and one species belonging to it, 
viz., the Miilinus eaninug. Among other raerabera of the PJwl- 
loidei, may be further mentioned the I,yturua of China, the 
Aaeriie of Van Dieraen'a Land, and the Clalhrwa, one species of 
which, C. eancellatug, has a very wide geographical range [ for 
instance, it is found in the south of Europe, in Germany, and ii 
America ; it occurs also in the south of Enghmd and the Isle of 
Wight ; whereas the other species of this genus have a very 
limited distribution. 
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The Tuheracei* are remarkable amongst tho fungi in being 
all of them more or les3 hypogeona. They are natives of warm 
conntries, and are distributed into numerous genera and species. 
The Tuheracei constitute in Northern latitudes a group of fungi 
very poor in specific forms. The few species of the Symeno- 
gatlrea belonging to Sweden, with the exception of Hyperrhixa 
variegata and one example of the genuB Octaviana, are confined 
to the southern provinces. The greater part of this group, like 
the Lycoperdacei, are met with in the temperate zone. Most 
examples of the genus Lyeoperdon are cosmopolitan. 

The NiduJariacei and the Trichodermacei appear to be scat- 
tered over the globe in a uniform manner, although their Bpooies 
are not everywhere similar. The same statement applies to the 
Mj/xogaslres, which are conini.on in Lapland, and appear to have 
their central point of distribution in the countries within the 
temperate zone. At the same time, they are not wanting in 
tropical regions, notwithstanding that the intensity of heat, by 
drying up the mucilage which scrvea as tho medium for the 
development of their spores, is opposed to their development.f 

Of the Conioniyeeles, the parasitic species, as the Cieomacei, tho 
Fucciniei, and the XJstilagines, accompany their foster-plants into 
almost all regions whore they are found ; so that smut, rusfc, and 
mildew are as common on wlieat and Imrley in the Himalayas 
and in Kcw Zealand as in Europe and America. Savenelia and 
OroTiartiuJii only occur in tha warmer parts of tho temperate 
zone, whilst Sartvellia is confined to Sui'inam. Species of 
Podisoma and Scesielia are as common in the United States as 
in Europe, and the latter appears also at the Cape and Ceylon. 
Wherever species of Spheeria occnr there tho SpJiwronemei are 
found, but they do not appear, according to our present know- 
ledge, to be so plentiful in tropical as in temperate conntrieB, 
The Ibrulacei and its allies are widely diffused, and probably 
occur to a considerahle extent in tropical countries. 

Hgphomgcetes are widely diffused; some species are peculiarly 



' The Hi/poffcci arc evidently intemJoil here \ij Fries. 

■f Fries, "On the Qoographical Watribation of Pnngi," iu 
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costnopolitjin, and all Baem to be leas inSuenced by cliriiatic 
conditions tlian the more ilesby fungi. Tbe Sepedoniei are 
represented by at least one Bpcciea wherever Soletus is found. 
The l^ueedines occur everywhere in temperate and tropical 
r^ons, PcnicilUuin and AspergiUui flonriahing as mnch in the 
latter as in the former, Botri/tU and Permwspora aro almost aa 
widely diBiisod and as destructive in wanner as in temperate 
countries, and although from difficulty in preservation the moulda 
are seldom represented to any extent in collections, yet indica^ 
tions of their presence constantly occur in connection with other 
forms, to such an extent as to wan-ant the conclusion that they 
are hr from uncommon. The Hemaliei are probably equally as 
widely difTased, Species of Helmintlioxporium, Cladosporium, 
and Ilacrosporium seem to be as common in tropical as temper- 
ate climes. The distribution of theae ftingi is imperfectly known, 
except in Europe and North America, but their occurrence in 
Ceylon, Cuba, India, and Australasia indicated a cosmopolitan 
range. Cladosporium Iterharum would seem to occur everywhere. 
The Stilbacei and Isariaeei are not less widely difTased, although 
as yet apparently limited in species. Isaria occurs on insects 
in Brazil as in North America, and species of SCilbam and Isaria 
are by no means rare in Ceylon. 

The Fhysomi/eeteg have representatives in the tropics, species 
of Mucor occurring in Cuba, Brazil, and the southern states (rf 
North America, with the same ajid allied geoera in Ceylon, 
Antennaria and Pisomt/xa Bcem to reach their highest develop- 
ment in hot countries. 

The Aseomyeetes are represented orerywhere, and although 
certain groups arc more tropical than others, they are represented 
In all collections. The fleshy forms are moat prolific in temper- 
ate countries, and only a few species of Pexiza affect the tropics, 
V'ct in elevated districts of hot countrie?, such as the Himalayas 
of India, Pexixa, Morchella, and Geaglosmm are foand. Two or 
three species of Morchella are found in Kashmir, and at least 
one or two in Java, where they are used as food. The genua 
VyUaria ie confined to the southern parts of South America 
and Tasmania. The United States equal if they do not exceed 
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Kuropean states in the nnm'ber of epcciea of the DheomytM 
The Phacidiaaei are not confined to temperate regionp, but are 
moro rare elaewbere. Cordierilee aai Acroac^plnu (?) are tro- 
pical genera, the former extending upwrirda far into tLe tem- 
perate sione, as Ryttcrium and Rhi/tUma descend into tte tropics, 
Amongst the SphcBriacei, X}ilaria and HijpoxylQn are well repre- 
sented in the tropica, such Bpeciea as Xylaria hypoxijlon and 
Xylana corniformu being widely diffused. In West AMca an 
American species of Hypoxi/ion is amongst the very few epeei- 
mens that hare ever reached ns from the Congo, whilst 
H, concertiricum and UBtulina vulgaris seem to be almost cosmo- 
politan. TaiTuhia and Neetria extend into the tropics, bnt are 
more plentiful in temperate and sub-tropical countries. Dotliidea 
is well represented in the tropica, whilst of the species of 
SpfiiBria proper, only the m:OPe prominent have probably been 
secared by collectors ; hence the SuperJieiaJca section is better 
represented than, the Ohtectrs, and the tropical representativea 
of foliicolons species are but few. Asferina, Micropenis, and 
Femphidium are more suh-tropical than temperate forma. Tho 
FarispOTiacei are represented almost everywhere; although 
speoiea of lEri/sipke are confined to temperate regions, tho genus 
Jfeliola occupies iti place in warmer climea. Tinally, the 
Taberacei, whieh are Bubteiraoean in their habits, are limited 
in distribution, being confined to the temperate zone, never 
extending far into the cold, and bnt poorly represented out of 
Europe. One speciea of Mi/idta occurs in Anatralia. another 
in China, and anotin.r m the Neilgherries of India ; tho genus 
PauroeoiijUs is found m New Zealand and Ceylon. It ia said 
that a species of Tuher ia found in Himalayan regions, bnt in 
the United States, as well aa in Northern Europe, the Tuboracei 

The imperfect condition of onr information concerning very 
many countries, even of those partially explored, must render 
aTiy estimate or eampariaon of the floras of those coimtries most 
fragmentary and imperfect. Eecently, tho mycology of our own 
islands has boon nioi^ closely investigated, and the reanlt of 
many years' application on the part of a few individuals baa 
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appeared in a record of some 2,809 species,* to whicli subsequent 
additions have been made, to an extent of probably not mucli 
less than 200 species, t which would bring the total to about 
3,000 species. The result is that no material difference exists 
between our flora and that of Northern France, Belgium, and 
Scandinavia, except that in the latter there are a larger number 
of Hymenomycetal forms. The latest estimates of the flora of 
Scandinavia are contained in the works of the illustrious Fries, J 
but these are not suflEioiently recent, except so far as regards 
the JB.ymenomycetes, for comparison of numbers with British 
species. 

The flora of Belgium has its most recent exponent in the post- 
humous work of Jean Kickx ; but the 1,370 species enumerated 
by him can hardly be supposed to represent the whole of the 
fungi of Belgium, for in such case it would be less than half the 
number found in the British Islands, although the majority of 
genera and species are the same. § 

For the North of France no one could have furnished a 
more complete list, especially of the microscopic forms, than 
M. Desmazieres, but we are left to rely solely upon his papers in 
"Annales des Sc. Nat." and his published specimens, which, 
though by no means representative of the fleshy fungi, are doubt- 
less tolerably exhaustive of the minute species. From what we 
know of French Hymenomycetes^ their number and variety 
appear to be much below those of Great Britain. || 

The mycologic flora of Switzerland has been very well investi- 

♦ Cooke's "Handbook of Britisli Fungi," 2 vols. 1871. 

t "Grevillea," vols. i. and ii. London, 1872-1874. 

t Fries, "Summa Vegetabilium Scandinavlae'' (1846), and "Monographia 
Hymenomycetnm SuecisB" (1863); "Epicrisls Hymenomycetam Earop." (1874). 

§ ** Flore cryptogamique des Flanders" (1867). 

II '*Ain6 Plantes Cryptogaraes-cellulaires da Department de Saone eb Loire" 
(1863) ; Bulliard, "Hist, des Champignons de la France " (1791) ; De CandoUe, 
" Flore Fran^aise" (1815); Duby, "Botanicon Gbllicum" (1828-1830); Paulet, 
" Iconograpbie des Champignons" (1855); Godron, "Catalogue des Plantes 
Cellnlaires da Department de la Mearthe" (1845); Orouan, "Florale dn 
Finistere " (1867) ; De Seynes, " Essai d'une Flore Mycologiqae de la R6glon de 
Montpellier et du Gard " (I860). 
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gated, althongh requiring revision. Less attenliou having 
given to the jDinnto forma, and more to the Mymenomycetee thai 
in France and Belgium, may in paii Qcconnt for the larger pro- 
portion of the Litter in the Swiss flora.* 

In Spain and Portugal scarce anything has been done ; the 
small collection made by Welwitsch can in no way be supposed 
to represent the Peninsula. 

The fnngi of Italyt inclade some species pecnliar to the 
Peninsula. The Tuberacei are well represented, and although 
the ITjjmenomyceies do not equal ia number those of Britain or 
Scandinavia, a good proportion is maintained. 

Bavaria and Austria (including Hungary and the Tyrol) are 
being more thoroughly investigated than hitherto, but the works 
of Suhieffer, Tratinnick, Corda, and Krombholz have made ns 
acquainted with the general features of their mycology,! to 
whicli more recent lists and catalogues have contributed. § The 
publication of dried specimens has of late years greatly facili- 
tated acquaintance with tho fungi of different conntrios in 
Europe, imd those issued by Baron Tliiiinen from Austria do not 
difler materially from those of Northern Germany, although 
Dr. Rclim has mado na acquainted with somo new and inter- 
esting forms from Bavaria.H 

Russia is to a large eitent unknown, except in its northern 
bordors.lT Karstcn baa investigated tho fungi of Finland, •• and 



• Secialan, " Mjooenii)liiE Suitsc " (IS33) ; Trog, "Tcrariiclinias 9oliWMBe- 
nsclier fichKiimma" (1S44). 

+ Passerini, " Fnngbi PBrmenai,'' in "Ginrn. Bat. ItalUno " (1872-73)} 
Tentnri, "Mioeti dell' Agco Bieaoiano " (18i6) ; Viviani, " Fnnglii il'ItnlT*" 
{18S(); Vittadini, " Funghi Mangereoei d'ltalia " (1835). 

t ScliuifTer, "Fansorum qui in Bavaria," he. (1762-1774); Tratinnick, 
"Fnngi Anstiiad" (180i-180.0 and 1809-30); Cgrdn, " ioonea Fungoram " 
(Praeuc, 1837-1842); Krombholi, " Ahbildunaen der SchwiLiDmo" 1831-1819)- 

f Eeichardt, "Flora von Iglan;" Nieaal, " Ciyi'togamenflora Niedar-CEiitOT- 
reiolm" <I8o7, 1859) ; Bchnber, "aohwamme Ungiinii, Slavoniena," ha. 

B Kelim, " Ascomyoeten," fasc. i.-iv. 

H ■Weinmann, " Hjmeno- et Gasteiomyoetee, ' in " Imp. Koaa" (1836); WaJn- 
mriiin, " Knatnetatio Stirpium, in Agro PetropoliUno" (1337). 

'* Knrstcn, " Fangl in insulis Spelabergen colleclio'' (1872); Karatcn, ' 
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added considerably to the number of Discomycetes^ for which 
the climate seems to be favourable ; but, as a whole, it may be 
concluded that Western and Northern Europe are much better 
explored than the Eastern and South-Eastern, to which we might 
add the South, if Italy be excepted. 

We have only to add, for Europe, that different portions of 
the German empire have been well worked, from the period of 
Wallroth to the present.* Recently, the valley of the Rhine has 
been exhaustively examined by Fuckel ;t but both Germany and 
France suffered checks during the late war which made their 
mark on the records of science not so speedily to be effaced. 
Denmark, with its splendid Flora Danica still in progress, more 
than a century after its commencement, J has a mycologic flora 
very like to that of ScandinaN ia, which is as well known. 

If we pass from Europe to North America, we find there a 
mycologic flora greatly resembling that of Europe, and although 
Canada and the extreme North is little known, some parts of 
the United States have been investigated. Schweinitz § first 
made known to any extent the riches of this country, especially 
Carolina, and in this state the late Dr. Curtis and H. W. Ravenel 
continued their labours. With the exception of Lea's collections 
in Cincinnati, Wright's in Texas, and some contributions from 
Ohio, Alabama, Massachusetts, and New York, a great portion 
of this vast country is mycologically unknown. It is remarkably 
rich in fleshy fungi, not only in AgariclnU but also in Discomy- 
cetes, containing a large number of ^European forms, mostly 

graphia Pezlzaruin fennicarura " (1869); Ka -ten, ** Symbo^se ad Mycologiam 
fennicam " (1870). 

* Eabenhorst, **Deutschlancls Kryptogamcii Flora" (1844); Wallroth, "Flora 
Germanica" (1833) ; Sturm, **Deutschlands Flora, iii. diePilze" (1837, &c.). 

t Fuckel, **Syiiibol8Bmycologic88'* (1869). 

:;; '* Flora Danica" (1766-1873); Holmskjold, "Beata ruria otia Fungis 
Daniels impensa" (1799); Schumacher, *'Enumeratio plantarum Sellandise** 
(1801). 

§ Schweinitz, ** Synopsis Fun gorum," in "America Boreali," &c. (1834). 
Lea, "Catalogue of Plants of Cincinnati" (1849); Curtis, " Catalogue of the 
Plants of North Carolina" (1867); Berkeley, "North American Fungi," in 
"Grevillea," vols. i.-iii.; Peck, in "Reports of New York Museum Nat. Hist." 



Em-opcoa gonora, ^vith majiy spccicB at preKent peculiar to 
Tropica! forma eriend upwards into the Southern States. 

The islunda of the West Indies have been more or le; 
ftmined, but none so thoronghlj as Cnba, at first by Ramon de 8 
Sagra, and afterwards by "Wright.* The three principal genera 
of Hymenomi/cetes represented aio Ar/aTicti», Marasmiua, and 
Poli/porui, represented neverally by 82, 51, and 120 species, 
nmoonting to more than half the entire number. Of the 490 
Bpecies, about 5/ per cent, are pecnliar to the island ; 13 per 
cent, are widely dispersed apeties; 12 per cent, are common to 
the island and Central America, together with the warmer parts 
of South America and Mexico; 3 per cent, are common to it 
with the United States, especially the Sonthcra ; while 13 per 
cent, are European species, including, however, 13 which may 
be considered as cosmopolitan. Some common tropical species 
do not occur, and, on the whole, the general character seems 
aub-tropioal rather than tropical. Many of the species are 
decidedly those of temperate reg;ions, or at least nearly allied. 
Perhaps the moat intereating species are those which occur in 
the genera CralereUus and Zaschia, the latter genus, especially, 
yielding several new forms. The fact that the climate is, on the 
whule, more temperate than that of aome other islands in the 
same latitudes, would lead na to expect the presence of a com- 
paratively large number of Ilnropean species, or those which 
are foond in the more noi-thern United States, or British North 
America, and may aocouot for the fact that so small a propor- 
tion of species should be identical with those from neighbouring 
islands. 

In Central America only a few small coUecfions have boon 
made, which indicate a anb- tropical region. 

Erom the northern parts of South America, M, Lcprieur 
collected in French Guiana.t Southwards of this. Spruce col- 
lected in the countries bordering on the River Amazon, and 

■ Berkeley and Curtis, "Fungi CuTjcnaia," ja "Joorii. Linn. Soc." (1868); 
Eamon de In Sagm, "Hint. Phys. de L'lale da Caba, Crjptogamas, par Montagne " 
(lail); Montogne, in "Ana. dcjSci. Nat." February, 1842. 

t Montagne, " Crjplognni!* Guyanenaia," "Ann. Sd. Nat." i"" eir, SL , 
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Gardner in Brazil,* Gaudichand in Chili and Peru,t Gay in 
Chili, J Blanchet in Bahia,§ "Weddell in Brazil, || and Augnste 
de Saint Hiliare IF in the same country. Small collections have 
also been made in the extreme south. All these collections 
contain coriaceous species of Folyporus^ Favolus, and allied 
genera, with Auricularini, together with such Ascomycetes as 
Xylaritty and such forms of JPeziza as P. tricTioloma, P. Sindsii, 
and P. macrotis. As yet we cannot form an estimate of the 
extent or variety of the South American flora, which has fur- 
nished the interesting genus Cyttaria^ and may yet supply forms 
unrecognized elsewhere. 

The island of Juan Fernandez furnished to M. Bertero a good 
representative collection,** which is remarkable as containing 
more than one-half its number of European species, and the rest 
possessing rather the character of those of a temperate than a 
sub- tropical region. 

Australasia has been partly explored, and the results embodied 
in the Floras of Dr. Hooker and subsequent communications. 
In a note to an enumeration of 235 species in 1872, the writer 
observes that " many of them are either identical with European 
species, or so nearly allied that with dried specimens only, 
unaccompanied by notes or drawings, it is impossible to separate 
them ; others are species which are almost universally found in 
tropical or sub-tropical countries, while a few only are peculiar 
to Australia, or are undescribed species, mostly of a tropical typo. 
The collections on the whole can scarcely be said to be of any 
gp'eat interest, except so far as geographical distribution is con- 
cerned, as the aberrant forms are few." ft 

* Berkeley, in ** Hooker's Journal of Botany" for 1843, &c. 

t Montagne, in "Ann. des Sci. Nat." 2"^^ ser. vol. ii. p. 73 (1834). 

t Gay, " Hist, fisica y politica de ChUe " (1845). 

§ Berkeley and Montagne, ** Ann. des Sci. Nat." xi. (April, 1849). 

II Montagne, in "Ann. des Sci. Nat." 4"^ ser. v. No. 6. 

H Montagne, in "Ann. des Sci. Nat." (July, 1839). 

** Montagne, ** Prodromus Flone Fernandesianae," in "Ann. des Sci. Nat." 
(June, 1835). 

ft Berkeley, "On Australian Fun§i," in "Jouru. Linn. Society," vol. rlii. 
(May, 1872). 



I 

I 



The fungi collected by the Antarctic Expedition in Ancklai 
and Campbell's IslandB, and in. Tnegia and the Falklands," were 
few and of bat little interest, including such coamopolitan 
forms as Sphwria heharun and Cladosporium herharum, Hirneola 
ouricula-JudatB, Foli/porus versicolor, Earolium lierbariorum, etc 

In New Zealand a lai^e proportion have been found, and these 
may be taken to represent tlie general character of the fungi 
of the islands, which is of the typo usually found in temperate 
regions.t 

The fnngi of Asia are so little known tliat no satisfactory 
oonolnsions can be drawn from our present incomplete know- 
ledge. In India, tbe collectiona made by Dr. Hookei' in hjs 
progresa to the Slkkira Hinialayaa,J a few species obtained by 
M. Perottet in Pondicherry, and small collections from the 
Nei]gherrie8,§ aro almost all that have been recorded. From 
these it may be concluded that elevations such as approximate 
a, temperate climate are the most productive, and here European 
and North American genera, with closely allied species, have 
the preponderance. The nnmber of AgaTicini, for instance, is 
large, and amongst the twonty-eigbt subgenera into which tto 
genus Agaricug is divided, eight only aro unrepresented. Casnol 
specimens received from other parts of India a£Ford evidenco 
that here is a vast field nnexplored, the forests and mountain 
slopes of which wonld doubtless afford nn immense number of 
new and interesting forms. 

Of the Indian Archipelago, Java has been most esplored, both 
by Junghuhn|| and Zollinger. Tf The former records 117 species 
in 40 genera, Nees von Eeenheck and lilume 11 species in 
3 genera, and Zollinger and iloritsii 31 species in 20 genera, 
making a total of 159 species, of which 47 belong to Folyportia. 



• nooker's " Crjptogamia Antarctica," pp, S7 and J 41. 

+ UookerB "Kew Zealand Flora." 

t Berkeley, •'Sikkim Himalajan Fnngi," ia Hooker's "Joumilof Botany" 
(1860), p. 42, ic 

g Montagne, "Cryptojamffi Neilgherreasia,"' in " Ann. dea 
»viii. p. 21 (1842). 

II Junghnho, "Premissa in Floram -Crjpt. JaTie." 

^ Zollinger, " Fungi Arcbip^legi Malnijo Neerlaodid nori.' 
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L6veill6 added 87 species, making a total of 246 species. Tho 
fungi of Sumatra, Borneo, and otlier islands are partly the same 
and partly allied, but of a similar tropical character. 

The fuijgi of the island of Ceylon, collected by Gardner, 
Thwaites, and Konig, were numerous. The Agarics comprise 
302 species, closely resembling those of our own country.* It 
is singular that every one of the subgenera of Fries, is repre- 
sented, though the number of . species in one or two is greatly 
predominant. Lepiota and Psalliota alone comprise one-third 
of the species, while Pholiota offers only a single obscure species. 
The enumeration recently published of the succeeding families 
contains many species of interest. 

In Africa, the best explored country is Algeria, although 
unfortunately the flora was never completed.f The correspon- 
dence between the fungi of Algeria and European countries is 
very striking, and the impression is not removed by the presence 
of a few sub-tropical forms. It is probable that were the fangi 
of Spain known the resemblance would be more complete. 

From the Cape of Good Hope and Natal collections have been 
made by Zeyher,J Drege, and others, and from these we are 
enabled to form a tolerable estimate of the mycologic flora. Of 
the Hymenojnycetes, the greater part belong to Agaricus : there 
are but four or five Folypori in Zeyher's collection, one of which 
is protean. The Gasteromycetes are interesting, belonging to 
many genera, and presenting two, Scoleciocarjpus and Phellorinia, 
which were founded upon specimens in this collection. Batarrea^ 
Tulostdma, and Mycenastrum are represented by European species. 
There are also two species of Lycoperdon^ and one of Podaxon. 
Besides these, there is the curious Secotium Chieinzii, The genus 
Geaster does not appear in the collection, nor Scleroderma, 
Altogether the Cape flora is a peculiar one, and can scarcely be 
compared with any other. 

At the most, only scattered and isolated specimens have been 

* Berkeley and Broome, ** Fungi of Ceylon," in "Journ. Linn. Soc' for 
May, 1871. 
f ** Flore d'Algerie, Cryptogames*' (1846, &c.). 
t Berkeley, in Hooker's ** Journal of Botany," vol. li. (1843), p. 408. 
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recorded from Senegal, from Egypt, or from other parts of 
Africa, so that, with the above exceptions, the continent may 
be regarded as nnknown. 

From this imperfect summary it will be seen that no general 
scheme of geographical distribution of fungi can as yet bo 
attempted, and the most we can hope to do is to compare 
collection with collection, and what we know of one country 
with what we know of another, and note differences and agree- 
ments, so as to estimate the probable character of the fungi of 
other countries of which we are still in ignorance. It is well 
sometimes that we should attempt a task like the present, since 
we then learn how much there is to be known, and how much 
good work lies waiting to be done by the capable and willing 
hands that may hereafter undertake it. 



XIV. 

OOLLECTIOiT AND PKESEIIVATION. 

The nmltitudinoas forms which fungi assume, the differences 
of substance, and variability in size, render a somewhat detailed 
account of the modes adopted for their collection and preserva- 
tion necessary. The habitats of the various groups have already 
been indicated, so that there need be no diflBculty in selecting 
the most suitable spots, and as to the period of the year, this will 
be determined by the class of objects sought. Although it may 
be said that no time, except when the ground is covered with 
snow, is entirely barren of fungi, yet there are periods more 
prolific than others.* Fleshy fungi, such as the Symenomycetes^ 
are most common from September until the frosts set in, whereas 
many microscopic species may be found in^ early spring, and 
increase in number until the autumn. 

The collector may be provided with an ordinary collecting 
box, but for the Agarics an open shallow basket is preferable. A 
great number of the woody kinds may be carried in the coat- 
pocket, and foliicolous species placed between the leaves of a 
pocket-book. It is a good plan to be provided with a quantity 
of soft bibulous paper, in which specimens can be wrapped when 
collected, and this will materially assist in their preservation 
when transferred to box or basket. A large clasp-knife, a small 
pocket- saw, and a pocket-lens will complete the outfit for ordinary 
occasions. In order to preserve the fleshy fungi for the her- 
barium, there is but one method, which has often been described. 

* The genas Chionyphe occurs on granaries under snow, as well as in that 
formidable disease, the Madura fungus-foot. {See Carter's ** Afycetoma."; 



The Agaric, or other similar fungus, is cat perpendicularly froid 
the pileus downwards through, the sfem. A second cnt i 
same direction remove B a thia slice, which represents a section of 
the fungua ; this may be laid on blotting paper, or plant-drying 
pivper, and put nnder slight pressure to dry. From one-half of 
the fnngus the pilens ia removed, and with a sharp knife the 
gills and fleshy portion of the pilena are cut away. In the same 
manner the inner flesh of the half stem ia also cleared. When 
dried, the half of the pilens is placed in its natnral position on 
the top of the half stem, and thns a porfrait of the growing 
fungus ia secured, whilst the section shows the arrangement of 
the hynienium and the character of the et^m. The other half 
of tie pilena may be placed, gills downward, on a piece of black 
paper, and allowed to rest there during the night. In the morn- 
ing the spores will have been thrown down upon the paper, 
which may be placed with the other portions. When dry, the 
section, profile, and spore paper may be mounted together on a 
piece of stiff paper, and the nBm.e, locality, and dat* inscribed 
below, with any additional particulars. It is advisable hereto 
caution the collector never to omit writing down these particulars 
at once when the preparations are made, and to place them 
together, between the folds of the drying paper, in order to 
prevent the possibility of a mistake. Some small species may 
be dried whole or only cut down the centre, bat the spores should 
never be forgotten. When dne-d, either before or after mounting, 
the specimens should be poisoned, in order to preserve thorn 
from the attacks of insects. The best medium for this purpose 
is carbolic acid, laid on with a small hog-hair brash. Whatever 
substance is used, it must not be forgotten by the manipulator 
that he is dealing with poison, and must eiereise caution. If 
the specimens are afterwards found to be insufficiently poisoned, 
or that minute insects are present in the herbarium, fresh 
poisoning will be necessary. Some think that benzine or spirita 
of camphor is sufBcient, but as cither is volatile, it is not to be 
trusted as a permanent preservative. Mr. English, of Epping, 
by an ingenious method of his own, preserves a great number 
of the fleshy species in their natural position, and although 
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valueless for an herbarium, they are not only very ornaraenlal, 
but useful, if space can be devoted to them. 

Leaf parasites, whether on living or dead leaves, may be dried 
in the usual way for drying plants, between folds of bibulous paper 
under pressure. It may be sometimes necessary with dead leaves 
to throw them in water, in order that they may be flattened with- 
out breaking, and then dry them in the same manner as green 
leaves. All species produced on a hard matrix, as wood, bark, 
etc., should have as much as possible of the matrix pared away, 
so that the specimens may lie flat in the herbarium. This is 
often facilitated in corticolous species by removing the bark and 
drying it under pressure. 

The dusty Gasieromycetes are troublesome, especially the 
minute species, and if mounted openly on paper are soon spoiled. 
A good plan is to provide small square or round cardboard 
boxes, of not more than a quarter of an inch in depth, and 
to glue the specimen to the bottom at once, allowing it to 
dry in that position before replacing the cover. The same 
method should be adopted for many of the moulds, such as 
Poli/actis, etc., which, under any circumstances, are diflBcult to 
preserve. 

In collecting moulds, we have found it an excellent plan to 
go out provided with small wooden boxes, corked at top aud 
bottom, such as entomologists use, and some common pins. 
When a delicate mould is collected on a decayed Agaric, or any 
other matrix, after clearing away with a penknife all unnecessary 
portions of the matrix, the specimen may be pinned down to the 
cork in one of these boxes. Another method, and one advisable 
also for the Myxogastres, is to carry two or three pill-boxes, in 
which, after being wrapped in tissue paper, the specimen may 
be placed. 

A great difficulty is often experienced with microscopic fungi, 
such, for instance, as the Sphderiacei, in the necessity, whenever 
a new examination is required, to soak the specimen for some 
hours, and then transfer the fruit to a slide, before it can be 
compared with any newly-found specimen that has to be identi- 
fied. To avoid this, mounted specimens ready for the microscope 
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are an acquisition, and may be' secnred in the following m: 
Artel* tbe fangas has been soaked in water, where that is 
Buy, and the hyuenium extracted on the point of a penknife, It 
it be transferred to the centre of a clean glass slide. A drop o 
glycerine is let fall upon this nncleus, then the covering glass 
placed over it, A slight pressare will flatten the object and expel 
all the snperBnoua glycerine around the edges of the covering 
glass. A spring clip holds the cover in position, whilst a camel- 
hair pencil is used to remove the glycerine which may havobeen 
expelled. This done, the edges of the cover may be fixed to the 
slide by painting round with gum-dammar dissolved in benzole. 
In from twelve to twenty-four hours the spring clip may be 
removed, and the mount placed in the cabinet. Glycerine is, 
perhaps, the best medium for moanting the majority of these 
objects, and when dammar and benzole are nsed for fixing, there 
is no difficulty experienced, as is the case with Canada balsam, 
if the superfluous glycerine is not wholly washed away. Speci- 
mens of JPuccinia mounted in this way when fresh gathered, 
and before any shrivelling had taken place, are as plump imd 
natural in onr cabinet as they were when collected six or seven. 
years ago. 

Moulds are always troublesome to preserve in a herbarium in 
a state suflieiently perfect for reference after a few years. We 
have found it an excellent method to provide eomo thin plates of 
mica, the thinner the better, of a uniform size, say two inches 
square, or even less. Between two of those plates of mica 
enclose a fragment of the mould, taking care not to move one 
plate over the other after the monld is placed. Fix the plates 
by a clip, whilst strips of paper are gnmmed or pasted over the 
edges of the mica plates so as to hold theni together. When 
dry, the clip may he- removed, and the name written on the 
paper. These mounts may be put each in a small envelope, and 
fastened down in the herbarium. Whenever an examination is 
required, the object, being already dry-mounted, may at once be 
placed under the microscope. In thia manner the mode of 
attachment of the spores can be seen, but if mounted in fluid 
they are at once detached; and if the moulds are only preserved 
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in boxes, in tlie course of a short time nearly every spore will 
have fallen from its support. 

Two or three accessories to a good herbarium may be named. 
For fleshy fungi, especially Agarics, faithfully coloured drawings, 
side by side with the dried specimens, will compensate for loss 
or change of colour which most species undergo in the process 
of drying. For minute species, camera lucida drawings of the 
spores, together with their measurements, will add greatly to 
the practical value of a collection. In mounting specimens, 
whether on leaves, bark, or wood, it will be of advantage to have 
one specimen glued down to the paper so as to be seen at once, 
and a. duplicate loose in a small envelope beside it, so that the 
latter may at any time be removed and examined under the 
microscope. 

In arranging specimens for the herbarium, a diversity of taste 
and opinion exists as to the best size for the herbarium paper* 
It is generally admitted that a small size is preferable to the 
large one usually employed for phanerogamous plants. Probably 
the size of foolscap is the most convenient, each sheet being con- 
fined to a single species. In public herbaria, the advantage of 
a uniform size for all plants supersedes all other advantages, 
but in a private herbarium, consisting entirely of fungi, the 
smaller size is better. 

The microscopic examination of minute species is an absolute 
necessity to ensure accurate identification. Little special remark 
is called for here, since the methods adopted for other objects 
will be available. Specimens which have become dry may be 
placed in water previous to examination, a process which will be 
found essential in such genera as Peziza, Sphceria, etc. For 
moulds, which must be examined as opaque objects, if all their 
beauties and peculiarities are to be made out, a half-inch 
objective is recommended, with the nozzle bevelled as much 
to a point as possible, so that no light be obstructed.* 

In examining the sporidia of minute JPezizcB and some others, 
the aid of some reagent will be found necessary. When the 

* Bu'bbles of air are often very tiresome in the examination of moulds. A 
little alcohol will remove them. 
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sporidia are veiy deltcale and hyaline, the eepta cannot readi^fl 
be seen if present; to aid in the esamination, a drop of tincture 
of iodine will be of considerable advantage. In many cases 
Bporidia, which are very indistinct in glycerine, aro much more 
distinct when the flnid ia water. 

The following hints to travellerB, as regards the collection of 
J'nngi, di-awn np some years since by the Rev. M. J. Berkeley, 
have been widely circulated, and may lie usefully inserted here, 
thoQgli at the risk of repetition : — 

" It is frequently complained that in collections of exotic plants, 
no tribe ia so much neglected aa that of fungi ; this arises partly 
from the supposed difficalty of preserving good specimens, partly 
from their being less generally studied than other vegetable pro- 
ductions. As, however, in no department of botany, there is a 
greater probability of meeting with new forma, and the diffi- 
culties, though confessedly great in one or two genera, are far 
less than ia often imagined, the following hints are respectfnlly 
submitted to anch collectors as may desire to neglect no part of 
the vegetable kingdom. 

"The greater proportion, especially of tropical fungi, are dried, 
simply by light preaanre, with as much ease aa phcenogamous 
plants ; indeed, a aiugle change of the paper in wbieh they are 
placed is generally sufficient, and many, if wrapped up in soft 
paper when gathered, and submitted to light pressure, rci]nirQ 
no further attention. Such as are of a tough leathery nature, . 
if the paper be changed a few houra after the specimena have 
been laid in, preserve all their characters admirably ; and if in 
the course of a few weeks there is an opportunity of washing 
them with a solution of turpentine and corrosive sublimate, 
submitting them again to pressure for a few hours merely to 
prevent their shrinking, there will be no fear of their suffering 
fcoia the attacks of insects. 

" Many of the muahroom tribe are so soft and watery that it 
is very difficult to make good specimens without a degree of 
labour which is quite out of the question with travellers. By 
changing, however, the papera in which they are dried two or 
three times the first day, if praicticahle, useful specimens may ba 
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prepared, especially if a few notes be made as to colour, etc. 
The more important notes are as to the colour of the stem 
and pileus, together with any peculiarities of the surface, e,g.y 
whether it be dry, viscid, downy, scaly, etc., and whether the 
flesh of the pileus be thin or otherwise ; as to the stem, whether 
hollow or solid ; as to the gills, whether they are attached to the 
stem or free ; and especially what is their colour and that of the 
spores. It is not in general expedient to preserve specimens in 
spirits, except others are dried by pressure, or copious notes be 
made; except, indeed, in some fungi of a gelatinous nature, 
which can scarcely be dried at all by pressure. 

" The large woody fungi, the puff-balls, and a great number 
of those which grow on wood, etc., are best preserved, after 
ascertaining that they are dry and free from larvae, by simply 
wrapping them in paper or placing them in chip-boxes, taking 
care that they are so closely packed as not to rub. As in other 
tribes of plants, it is very requisite to have specimens in different 
stages of growth, and notes as to precise habitats are always 
interesting. 

** The attention of the traveller can scarcely be directed to any 
more interesting branch, or one more likely to produce novelty, 
than the puff-ball tribe 5 and he is particularly requested to col- 
lect these in every stage of growth, especially in the earliest, 
and, if possible, to preserve some of the younger specimens in 
spirits. One or two species are produced on ant-hills, the know- 
ledge of the early state of which is very desirable. 

*' The fungi which grow on leaves in tropical climates are 
scarcely less abundant than in our own country, though belonging 
to a different type. Many of these must constantly come under 
the eye of the collector of phoenogams, and would be most 
acceptable to the mycologist. But the attention of the collector 
should also be directed to the lichen-like fungi, which are so 
abundant in some countries on fallen sticks. Hundreds of 
species of the utmost interest would reward active research, and 
they are amongst the easiest to dry ; indeed, in tropical coun- 
tries, the greater proportion of the species are easy to preserve, 
but they will not strike the eye which is not on the watch for 
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them. The number of fleshy species is but few, and far less 
likely to furnish novelty." 

In conclusion, we may urge upon all those who have followed 
us thus far to adopt this branch of botany as their speciality. 
Hitherto it has been very much neglected, and a wide field is 
open for investigation and research. The life-history of the 
majority of species has still to be read, and the prospects of new 
discoveries for the industrious and. persevering student are great. 
All who have as yet devoted themselves with assiduity have been 
in this manner rewarded. The objects are easily obtainable, and 
there is a constantly increasing infatuation in the study. Where 
so much is unknown, not a few difficulties have to be encoun- 
tered, and here the race is not to the swift so much as to the 
untiring. May our efforts to supply this introduction to the 
study receive their most welcome reward in an accession to the 
number of the students and investigators of the nature, uses, 
and influences of &ngi. 
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condiiions of avoiding disease and preserving health are to a great degree 
everywhere the same. 
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